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Abstract

The currensealevel risepredicions are expected to lead ttoasof anywhere betwee®000to
17000 knd of land area around the globaring the 21 centuryi a loss that woul@brce around
1.6to 5.3 million peoplgo migrate while simultaraisly impacting anotheé300to 650 million
people The rising sedevels and the associated extreme weather events are expected to
significantly impact humans in the 2gentury ensuing in significant damage to property, higher
demands on energy, disrugtiof settlements, and a significant loss of both life and natural
resources. Small islands and coastal areas are particularly vulnerable to these impacts.

Yet, while urban [anning and desigare often cited akey determinants to reducémate
changampacts thelongitudinal studyof thisresearchused 57 peer reviewedrticles published
in the leading urban planning and design journals rede¢aat there is nonetheless a dearth of
urban planning and desidjteraturethat delves intelimate changadaptationSurely,while
2006-2007represented a turning poiatter whichclimate change studies appear more
prominently and consistently in urban plannargl design literaturdowever, the majority of
these studies address climate chamgegation rather than adaptatiohlso, most ofthese
adaptation studiesnderscorgovernance, social learning, and vulnerability assessments, while
paying littleattention to physical planning and urban design interventiongrticular, this
body ofliterature suffers a lack afiterdisciplinary linkagesanabsence oknowledge transfeg
dearth of participatoryesearch methogdand is straddled with thaesence of scale conflidh
doing sothetheoreticaframework ofthis researchighlightsconceptual similaritieshitherto
fragmented among three domains: urban planning, climate change adaptattbresilience
such as the similarities betwelamdscape ecological urbanisthe ecosysterbasedclimate
changeadaptatios (or soft adaptatios), andthe bounceforward model of resilience.
Simultaneouslythis researchapitalizes on thexpert and experiential knowledgeclimate
change adaptation wherebyethodologicallyit underscorethe transactive anithe
collaborative planning modeighrough public participatidnin orderto bridgethe fragmented
domains of the literature

This research focuses dlegril, a small resortity located on the nortlvest coast odamaicd a

country thais considered a Caribbean Small Island Develofitage (SIDS)Of particular

interest is Long Bay, a sewenile low-lying strip of beach in Negril where almost all of the

areabs tourism activities asuestartia pecentageofat e d . S
J a ma iGDRiighsavilyrelated tdbeachtourism and seaside activitigendering such SIDS

particularly vulnerabl¢éo climate change, hence, in needpécial planning consideratiofhis

research is guided by the following enquiridéhatclimatic risks are local people and assets

expogd to?How can locals adapt to the risks? What measures can be used to assess the current
resilience of Negr i Ihdaaternatives (Idcallyepreferred ar expeetnt ? And
driven) could they also consider for future adaptation?



In order to addrss these inquiries, the research methods combined various tactics including a
series ofdesign charrettewith various sultommunitieswhich isa designrfocused, handsn,
time-constrainedvorkshopbetweerresearcherand local participantwith the aimof

developng a vision for a sustainable communi#ytotal of 37 local participants partook in two
day-long design charrette¥hese were conducted simultaneously vatsurvey qustionnaire

with 151 respondents, whi@ssessed the local adaptation pezieesas well as 19 wuepth

interviews with planners and polieyakers involved in various aspects of urban planning and
design in Jamaica. Additionally, a GPS survey documented 19 transverse sections (west to east)
along Long Bay so as to model the lbekevation profile and thus rank the vulnerable areas

prone to sedevel rise. Moreover, the methods included personal observations and traalgsct

of the study area that yieldatialyse®f architectural and urban design typologies as well as
informaton through casual interactions with local communities. Lastly, a combination of
primary and secondary sources provirshed t he ne
morphology.

The findings reveal that I©Nesgpeniobeisaoremespndat i on
rely heavily on large scale engineering interventions (i.e. hard adaptations) while mostly
excluding the local knowledge and the local ecosystems. Additionally, the failure to enforce
planning regulations (e.gontrolling coastasetbacks) and the lack of a lorterm vision that
integrates adaptation and sustainable develop
vulnerability. Sincehe scope fomanaging retreas limited inmanycoastal strips like Negril,
whose Long Bay isuirther limited by the Great Morass that runs parallel to the coastime,
accommodativadaptations that are flexible and reversible and that help boost urban resilience
offer a better option than protective ones. The findings reveal that coastaha®BS imust

adopt arintegrated planning approach that incorporates shod longterm planningstrategies.
They also reveal thditard adaptation strategislsould be adopteohly whenthe soft oneghat

are based olocal preferences, technologies knowledgearedeemedneffective or

inappropriate. In addition, this dissertatios  f i higldighntlge snherent potential of

ecological design, green infrastructure, and morphological design as essential tools for guiding
urban forms toward incrementzthange that parallels the pace of climate change. This
dissertation therefore recommends a paradigm shift toward uncexaietyed urban planning

and design wheradaptationsvould be perceivedasan inherenstrategythat is informed by
interdisciplinay knowledge and institutional collaboration in ortieenhance resiliende a
sustainable wayn other words, successful adaptatresporses also succeed athieving

carbon neutral, environmentally sensitigad lowimpact development argbcapitalize on

other benefit@long with theadaptation actiong\ccordingly,adaptatiorbecome a process that
integrates sustainable development and ndturean systemigut one that fundamentally

integrates interdisciplinargcholarship.
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Chapter 1: Introduction



1.1 Research Context

In 2012, norethan32 million peoplewere forced to fle¢gheir homes due to natural disasters
mostlyresuling from extreme weather events attributedtlicnate changé almosttwice as
many as in 201{Aulakh, 2013. Recently, hrricane Sandythe most destructivend second
costliestort h e US a Kdtrima, affectedndillios®f people includingmany inthe
Caribbeanlt caused more than US$50 billiomeconomic lossind over US$5 billioin damage
toNew Yor kodés ur HTom, 2018 f nasheuPhulylppniHaiggs, 20130
affected about 25 million peopland two yeag after, Typhoon Koppu affected one milliomith
damage of US$L60 million. These factsepresenpnly afraction ofwhat climate change
associated sdavel rise and extreme climatic eventan do Observedlata also reveal that
since the early 20 century the global mean sdavelincrease hasanged between 1.3 and 1.7
mm per yegrhowever since 1993, thaatehasrisen tobetween 2.8 and 3.6 mmarying
regionally. For example, irthetropical westerrPacific, this rate is four timghigher (i.e., 12
mm/year) than the global avera@¢urse et al., 20041n addition to the direct impacts on
humansandinfrastructure climaticimpacts and rising sea levels and temperasignificantly
damage natural resources and ecosystparicularly in coastal areas, whiafight otherwise
have natural and lorgrm resilience to cope with such eveiMangrowes in many coastal
areasfor instanceincrease resilience, naturally reducing the impacteafevel rise
particularly wave energy, beach erosion, and storm surgegever,climate change impacts
along with anthropogenic interventigieve causethangrove deforestation at a rateoagto
two percent annuallgAlongi, 20135.

Apart from these observed facts, the projectedeesl rise and the increased rate of extreme
weather events are expected to significantly impact humannsetits, with anticipated
increases in property damage, higher demands on energy, disruption of settlements, and
significant loss of both human life and natural resestmall Island Developing States (SIDS)
are particularly vulnerable to these impg#teos, Spilanis, & Mehmood, 2009For example,

by 2100,21 airports, 35 poriand at least 149 muitnillion dollar tourism resortwill have
beenlostin the Caribbean region alofli, 2014). With the expected sdavel rise, global land
loss would amount to about 600@7,000 knd during the 21st centurgpntributing to the forced
migration of an estimatetl6i 5.3 million peoplgHinkel et al., 2013

Confirming the chance of such occurrenaéh a high levebf confidencethe

Intergovernmental Panel on Climate Change (IPQG})4 hasaskedfor multidisciplinary

approaches to facilitate clete change adaptation. Wherelimate change adaptati@ontends

with current and emerging impacts of climate changes, climate change mitigatiamily

focuses orthe cause of climatechanfe . e. , greenhouse gas emi ssi 0l
climatic impacts (e.g., storm surges andlesal rise) arendeed the end results of greenhouse

gases produced many years .agmce the 1980several internationalgreementsuch as

Agenda 21theKyoto protocol, sustainable development goals, and the recent Paris agreement,



havecontinuedo highlighttheadverse impacts of climate chargehumanvellbeing. They
have alsoaisedglobal consciousnessout usinglternative energy sourcesreplae fossil
fuels stabilisingand reducinggreenhouse gasasdglobal temperature, and promoting
sustainable developmei8tudiesclaim thateventhe full implementation of Kyottarges for
2012would delaythe temperature rise anticipated2iy00by only six yeargPeake & Smith,
2009. Thus decade®sf waitingwould berequired to sedhe successf any, of these
internationalagreementduntil then,the only wayg to deal with climate change impacts and
uncertainty aréghroughadaptingand coping. Therefore, experecommend exploring every
opportunityfor multidisciplinary andmulti-sectoralapproaches to facilitate climate change
adaptatior(IPCC., 2014Pizarro, Blakely, & Dee, 2006

Urban pganning and desigare often citeésthe key determinants improving theresilience
(coping ability) ofbuilt environments in order teduce thencreasing impacts of climate change
(Jabareen, 2013 ennon, Scott, & O'Neill, 201 45teiner, 2013 However the urbanplanning
and design literatureashardlyaddresed climate changadaptationparticularly atthe
neighbarrhood and district scal¢Phar & Khirfan, in pressRoggema, Kabat, & Van den
Dobbelsteen, 20)2From the perspective of environmaihthange, over decaddke primary
focus of planning research has been on achieving sustainability, a branch of wioichteslv
several strategig®e reduce greenhouse gas emissemsthus facilitate climate change
mitigation. Despite this fact, only since 2004 has theplanning discoursevitnessed a growing
tendencyto exploreclimate changadaptation separatelsom mitigation The wnavailability of
climatic information in terms of precisipformat,and scaldas createdhallengs forplanning
scholars wishing tadvane climatechange adaptatiaiavoudi et al., 20L2Hunt & Watkiss,
2011, Pizarro, et al., 200gseeChapter 2. In particular, the informationroclimate change
impacts on citiegepresentings it doecomplex interactioebetween human and natural
systemsis not sufficient(Revi et al., 201¥ As a resultcurrent adaptation planning includes
only normative stratdgs from a hypothetical point of assessingshkd proving expertiriven
adaptation actions.He process of developirsgch actionsoftenoverlooks two aspects
highlightingthetheoretical ananethodologicalinks used irbothplanning andadaptation
literatureand ii) assessing and prioritizirtge climatic problems and their solutiobg
incorporating local experiential knowledge.

Boththeurban planning andiimate change literatuequaly emphasize the concept of
resilience, which is a y s t abititpts selforganize andts capacityto adapt to stress and
changewhile retaining itssame basic structure and ways of functiofifRgCC, 2007 Walker &

Salt, 2008. Thissociee c 0ol ogi c al concept also eefers to th
organization and developmgntand] t o cope wit h, (Folkea2006,pp.o, and
253-254). The research oresilience and vulnerability shareommon goals, such as learning

how to cope with stresses and shocks experienceddigecological system@V. N. Adger,

2006. Il n other words, resilience Iis often viewe

resilient[asystens] , t he | e &sllinyg 2001npe 42 & bhe edtext of climate
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change, the concepts of vulnerability and adaptagacity are closely associated with

adaptation(B. Smit & Wandel, 2006 Climate change literature defines adaptive capacity as a
systembs ability At onoderdte potaral damagesstdb takeadvaatage h a n g e
of opportunities, or {IRCCR0O0p,e. 8G@Bchdlarstadioss consequ
disciplines highlight these conceptual similarities betweeptagacapacity and resiliensnce

both manifest coping ability and flexibilifBeatley, 2009B. Smit & Wandel, 2006 Along this

line, resiliencéholdsthe potential to facilitate premptive actions to deal with uncertainty over

time, whether posed by climate changenot similar to proactive adaptatigeee Chapter 4)t
isbecause r esil i eansieusandinteimtepmalin its cutpekitiat] ptanning

ahead becomes a k ¢(patley,2014, p.t137Bldnning scholafawageot e 0

the above similaritiexonsider resilience and its potential as concepts that bridge urban planning

and design and climate change @déion even though the evidence and application of resilience

have only recently emerged in planning discoyB=voudi, et al., 2015t e ad &okT ak an
2013. Likewise, this research explores resilieasea mean® bridge adaptation and urban

design and planning, as Davoudi et(2012 advised. Nevertheless, resilience has long been
discussed in planning literatyiacluding in ecological design but not directlyated toclimate

change adaptation (s€&apters). Additionally, the concept of green infrastructtinat has

recently emerged in planning and desidgoholds the potential to enhandberesilience to

climate change. Green infrastructure refers t
ot her open spaces that conser v(Benediot&t ur al ecos
McMahon, 2006, p. ) Frederick Steinef2014) highlights thebenefitsof green infrastructure to
amelioratehe consequences natural disastersyhile improvingthe envionment,economy,

andgeneral welbeing of thosédiving in coastal areas. Hasoargues that in addition to

facilitating carbon neutral developments, waisigned green infrastructural interventicas

| ead t o f-ohangeeresiiddturiban ene@ronmenithereby being conceptually

associated with resiliendrit from the perspective of physiaaid environmental (ecological)
planning(Steiner, 2014, p. 307In contrastadaptation discourse considers resilience merely

from the socieemlogical perspectivavhich seldomlinks resilienceto thephysical form of a

city and its designTo contribute to this scholarly debate and to address these shortcommmgs, t
research inades ariad of concepts resilience, adaptation, and urbadesign and planning

(Figure 1.1)
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Figure1.1 The threantedockingdomains of this research

1.2 Researchgoals

Climatechangds increasingly posing risks tobanisationwhich tself represents @omplexinteraction
of biophysical, soci@conanical, and environmental agentgbdn design and plannirgge thus made
morechallenging Climate change adaptation literature has haggraddressed thisomplexity of
urban areadue to the lack of infionation, particularly related textreme events and their possible
impacts on citiegHunt & Watkiss, 2011l A better understanding of these challenged long
term climaticimpacts on human settlements and wellbeing is thus nece$baryecent IPCC
(2014 reporthighlights ecosysterhased managemeand the innate potentiaf the built
environment tde transformedhcrementally s@s to cope with climatic change over time.

Driven by the emerging nedd better understandimate change adaptation aitslapplication
through urban design and plannitiys researctoffers new conceptual and methodologitabls
to meet challenges and facilitdtecal adaptation planninga combination of autonomous,
planned, and proactive adaptation. This combapgatoacHirst incorporates local ecological
potential(e.g., the role of mangros¢o reduce the impacts of storsnrge into adaptation
planning while preserving and maintainiragsystenfor long-term sustainable benefitBhen, it
involvespeopleand communitieaffected mostthereby prioritizingocal knowledgeand
indigenougechnologiesas ishighly recommended bglimate change litetare Next, these
approacheto adaptation are viewed through a lens of advanced urban planning and design
researchwhich still seensto betop downandoften experdrivenin the context of adaptation
(Davoudi, et al., 2072 In addition in orderto meet practical challengekis comprehensive
approach alsoontribues to linking climate change adaptation to urban planning and dédign.
knowledgeobtainedwill help urban developmerstakeholderbe better preparedot only to
cope with climatic impacts and their resulting uncertainty in urban areas but also to @keloit
benefits of climate change adaptation actions.



The overarching goalf this thesigs to advance climate change adaptation thrabgphysical
planning and design of built environments while exploring different characten$tacal
ecosysters and knowledge. In other words, firstiypon investigatinghree broad
interdisciplinaryconcepts urban planning and design, adaptation, and resiliertis research
identifiesandestablishepotentialtheoreticalinks among them. Secondly, tlegidy examines
the commonality among research designd methods deployed fhese conceptin orderto
developintegrated methodologies grounded in public participatiastly, based on current
researchpractice, anémpirical evidencehis studydevises severaloperationaframeworls to
facilitate decision making for adaptation planning gumecticein the context of coastal areasd
Small Island Developing States (SID®hich areparticularly vulnerable to sdavel rise,
erosion, and storm surges

1.3 Research bjectives

1 Toidentify theoretical and methodologiagbportunities forurban planningnd design
research to link climate change adaptation and resilience

1 To establish potential research trajectories of urban plaramdglesign researthat will
advane climate change adaptatiovhile promotingresilient and sustainable
development

1 Todevelopphysical planning and design approactmegappreciatend incorporate
indigenousand ecosysterhasedadaptation irarea similar to the studyraa.

1 To developurban design framewoskhat carmeasureand enhancthe resilienceind
adaptive capacitgf coastal settlements

1.4 Research aiestions

This research investigates the central overarching research question:

How can planning and design of coastal settlements enhance adaptive capacity and
resilience tesustainablycope with climate change and its resulting uncertainty?

This central question leatisa number ofdditionalquestions:

i) To what extent does the planning literature on climate change adaptation currently exist,
particularly in relation to urban design and planning?

i) How can climate change adaptation be advaritedretically and methodologicallio
integrateknowledge from than planning and design and resilience?

iii) How can knowledge aofireen infrastructure be advanceddailitate thedesignof human
settlementshatenhance resilience amdeadapéd for climate change

iv) How canthe design of urban form influence resikkertoclimatic uncertainty?



v) Whaturban design toolare needetb measure and enhaniberesilience of an existing
settlement to climate change and hewauld they workR

1.5 Geographical focusand the case study

This studyfocuses orNegril as acase study. This small resdrased citylocated on the north

west coast of Jamaica, a Small Island Developing State (SEY8ghly vulnerable to sekevel

rise and its impacts. ltne Caribbearsealevel risein association with beach erosigreatly

impacts the tourism industry, which represents 12.2% of total employment and 1486 of

r e g itaah GDP(WTTC, 2019. Negril isone ofJ a ma imaj@towsist destinatios(e.g.,

Ocho Rios and Montego BpybutNegril generatesnore incomehaneither(Otuokon, 2001

Rhiney (2012 estimatedhat Negrilcurrently haover 7,600 guest rooms representing about one
guarter of all accommodatiomsthin Jamaica. Bach tourism aloni& Negril contributes
approximately 5.5%fJ a ma i ¢ a(ONEP, GDA®:

This research foceson Long Bay a severmile low-lying narrow stripof Negril (Figure 1.2)

Long Bayalong withits neighbarr Bloody Bay representshei s | adendeSbsiilt

environmeng primarily resulting fromtouristestablishmerstthat focu®n sand, seaand sun
Geographically, the aredong the sevemile beach (Long Bayepreserga unique topography

To the north, itdbuilt environment and habitable area epafined bythe seaand to the south by
the Great Morass, the wetland theppreserso n e f i f t h welldnd ahdomeadiheamajor s
habitatsfor invasiveand naturaspeciegTown and Country Planning Development Order,

2013. Additionally, becausef importantmarine resources, including reefs and ecosystems, the
entire Negril arehas beemleclared one of thergeEnvironmental Protection AredEPA) of

the island The ising sealevels andanticipatedextreme weathegventsmayi mpact Long
built environment antburism industrynational and local economgs wellaNe gr i | 6 s
ecosystems.
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1.5.1 Problems of study areas

Negril andits tourisminfrastructureemain fairly underdevelope@he emergingmpacs of

climate changeparticulary sealevel rise, hurricanes, and storm surges,theshorelines,

tourism, and entire ecosysteatsisk. Because oN e g r hiedvydbesonomicelianceon beach

tourism, i.e., stiseasand,such impactsot onlyresult inenvironmental and social degradation

but alscharm thetourism industry and eventualilgelocal and nationaécononmes (Waite,

2012.1 n addition to sea related h-amaandQctobed a mai c :
November) also put Negél population and infrastructure at rislom flash floods and inland

flooding, the incidence and intensity of which amereasing

Accordingtothel PCCb6s esti mat e, b the glolalesedevel, cangmg t hi s c e
between 0.19 and 0.58 msmallislands will wash away over 38% dfaribbean coastal areas

(IPCC, 2007. Particularly in Negril, UN data reveal that by 2060, sy6@r storm would cause

35% of Negr itdbélast, ahdoaboat!5% df keacbds would logkeir currentwidth

(UNEP, 20105



Amongstthethreats to Negril, mangeportsconsider beach erosi@s a key challenge
particularlyto Long Bay beaclandits settlementsStudies indicate that Long Bags been
losing beach at betweé&n2 and 1.4 m/yedor the lasfew decadesand this losss occurring at
a higher rate even compared to neighbouring bays, for exaafygletl.5timeshigher than

Bl oo dy(CBALY2014 Veira, 2014.

According to Robinsoet al6 €012 study,L o n g Boamal@ace of beach erosiould

result in12 to 21 meterbeach losby 2050 Additionally, the design othe built environment

along the coash most of the Caribbean islandscluding Jamaicéails tofollow planning and

land use guideline@shemo, 2009Lewsey, Cid, & Kruse, 20Q4Poor/no physical planning

combined with climatic variabilitys puttingL ong Bay o0s einjeapardy settl emen

1.6 Research design

Researche®wn assumptiog, knowledge and experiencabout thenature of reality
collectivelyinform theirparticular researctiesigrs. According to Groat and War(g@0032),

research desigoonsists of four interrelated research components: philosophy, theory, research
strategy, and tactics (Figure L.Zhe first twg whichrepresent the philosophical foundation of
researchhighlighthowa r e s e ghitosophecalésamptionsnd positiorcontrol the
investigation of @hing being studiedaswell as the extent to whicithe is involved with the

subject matteof the thing This foundation offera logical basisthatestablishear e s ear cher 6 s
role andguides theselecton of appropriateesearch strategiesd tactics the latter two
components of researehboth of which belong to the domain of reseaiidfis domain
underscorgthe operationastrategies bresearchThe following sectiongliscusshetwo
domainsfocusing on thepecificinvestigationof this thesis.

Philosophy a

Theory o

% . w
% Strategies "% = "
] & i Tactics %

.....
............

& &
T Domain of research '

-

Foundation for research

Figure 1.3 Interrelated components of reseafablapted fom Groat & Wang, 2002



1.6.1 Foundation of researciSystem of inquiry

No oneframeworkcanstandardise research protact developageneraket of assumptiorfer
the breadttand elasticity ofesearch aa whole Every investigation requires its own specific
set.This set of assumptionalso calleda paradigm ol system/elememtf inquiry (Creswell,
2009 Groat & Wang, 200R depends on the knowledge and past experience of a researcher as
well ashis/her ontological assumptis{whichis related to knowingvhatreality i5. These
assumptioareflectt h e r e s e awhetheras an ®bserverible subject matter being
studied or asraactivepartidpantcontrollingthe research. Such assumpsand human nature
greatly vary because of the different viewsocialscienceabout human beings and their world
(Morgan & Smircich, 198 In particular, one of thenajor challengefor researcheris to
determinearesearctparadigm(in associatiorwith methodologicahpproacheghatfalls within

a desigrbased discipline intemuy to includebothsciencs and art§de Jong & Van der Voordt,
2002, Swaffield & Deming, 2011 For example, this dissertation investggmban area between
the climatic impacts projectda the climate change sciengaedcommunity responses to those
impacts,whether practiced or preferred

With regard to setting the paradigm for this reseatehrésearchérs e plogeal position,
ie.,abouihow we know @haffield &Demihkgn201d,@. 36is reflecedin the
investigation othe implicit meaning of contesdpecific human interventions and local
adaptation exgriences wittenhancing resilience to climate change, rathenfactual dataThe
challenges of climate change to a particular areaféea consideredniquewhencomhbned
with thecomplex interaction between teecic-ecological and physicahfrastructual
characteristicef that areaHencejnitially, the research paradigm of this thesis involves
investigating the realitgf what climate change risis (in terms of its types, intensity, frequency,
and contextual characteristiaad its relationships to ¢hdesign ofnfrastructure. It also seek to
understandhowto know ac 0 mmu nperteptiorsané@xperience of the risk and theduction
of risk. This paradigmhasguided the researatr (of this thesis}o definehisrole, whichindeed
lies in betweemostpositivistsandemancipatoy; however the latter is more appropriafEigure
1.5). The reasosarethreefold:

9 First, unlike mostpositivists who assuméhat reality can be fullknown,post
positivistsbelieve in muiple realitiesof a subjectmatter being studiednd
acknowledge that experimental models used in natural science are not always
appropriate in research that involves human being8.nt ext 06 i s a key
adaptation. Recent adaptation literatanel the IPCC highly recommerdntext
specific and bottorup adaptatiorinterventions thai) ensurethe best use of local
ecosystemdi) involve impacted communities adaptéion decision makingand
iii) arereversible s@s tocope withthe pace of climate change. Thtras
context-specificityand reversibilityboth of which relyon multiple realities and

1C



oftenleadto contemporary urbagesign discourses)fluence the paradigm of
this research.

1 Secondreality isconstructec&and determined by specific processes of a society
(Morgan & Smircich, 1980 With regard taneetingclimate change challenges
this researatr believes in multiple realitiesimilar to the ontological premise of
constructivist (also called interpretive or naturalistegearchin other words,
these multiple realitiewhichreflectthedynamics othesocialdimension of
climate changadisregard the idea of orsézefits-all or fbesd practices This
epistemological positiohashelpedthe researadr of this studyavoid the
blinkered viewofi v a-f u e e o0 b(Gea & Wang, 2003) p. 33Instead
this position appreciategalueadded subjectivitywhichincludesthe norms and
values of interactive dynamics betwedme researcheof this thesispnd
participantssetting being investigatad the Negril context

1 Third, in regard to understanding the value of a subjective reatittext and real
setting areasimportantin social science researchiaglimate changadaptation
research{which may geatly differ from mitigation researthin this researctthis
role providesthe bestsuitedpositionfor addessng the research questions.
Specifically,the Negril communit§y experienceand adaptatiopreferences in
shaingthe physical fornof their settlements justifthisr e sear cher 6s pos
toward thesubjectiveendof MorganandS mi r ci chos s Similagdy, ( Fi gur
theemancipatoryparadigmalsoacknowledges theebeliefs of constructivist
(i.e.,thesocially construct realiti@dut underscoresontext situated socially and
historically- whichrepresergthe participants and the unique setting of this
study.

Objectivist . . Subjectivist
approaches to social science approaches to social science

Core  Reality as a Reality as a Reality as a Reality as a realm  Reality as a Reality as a
ontological  concrete concrete process  contextual field of symbolic social projection of
assumption  syructure of information  discourse construction human imagination
Assumption Man as a Man as an Man as an Man as an actor, Man as a social  Man as pure sprit,

about human  responder adaptor information the symbol user constructor, the  consciousness,
nature processor symbol creator  being

Basic (o construct a to study systems, to map contexts to understand to understand to offset

epistemological  positivist science  process, change patterns of how social reality phenomenological
stance
Research  Lab experiments, Historical Contextual Symbolic analysis Hermeneutics Exploration of pure
methods  surveys analysis analysis subjectivity

Figure 1.4 Subjective and objective assumption within social sci¢Adapted from Morgan &
Smircich, 1980, p. 492

11



In a researchbontext particularlyin designdisciplines Swaffield andDeming(2011) reportthat
the philosophicadomain of researcthatrepreserganoverall system of inquires reflextivo
fundamental dimensions: the relationship to themd epistemologyl heformerdistinguishes
between deductive andductive research strategi&eductive research a theorydriven
approach employstop-down approaches and tegiteoriesby employingexperimentatiorand
evaluationwhile inductiveresearch a datadriven approach buildstheory based on the
understanding and description of things and their contextual relationships to theAworld.
reflexive approach, positioned between inductive @gedlictivedichaomies,describesa

r es e ar cWwhenshiftng baak bnel fah between mpirical evidence rad theoretical
propositiors (Castells, 1983Swaffield & Deming, 201}l For example recentlyo link climate
change adaption and urban planning in the context of TohagaKhirfan (in pres$ adops
such a reflexive approach, whieyehe literature reviewrocessesdicae deductive
approachesandthe methodologies for obtainiregmpirical informatiorrepresent inductive ones.
Likewise, thereflexive roles of thresearcher of this thesis seem to be favourfablenking
urban planning to adaptation and resiliefdee latter, epistemologyconsidersaresearchér s
position to answer the question wittow. Dependhg uponar e s e a episteraoclogical
position,the knowledgemaygredly vary from objectivist(typically associated with science)
subjectivist approachdgypically associated with arts and humaniti@égverthelessyithin
social sciencegnepistemologicapositionmayvary based on how a researcher perceioes (
likesto perceive) realityFigure 1.4.

In particular, this research aims to build theory based on the conceptual links among the three

fields- adaptation, resilience, and urban planning and dé€Bigare 1.1} while

operationalizing thie links through urban design and planning. In other words, the study of
physical <characteristics ofinMdegtantgos settl eme
investigaing, and represeintg the subjective realjtof local adaptation responsesccordingly,

an urban morphological studgtescribed in following sections) oftesads to choosing a
researclparadigm and operational domalirhus, this research combines urban morphological
approachewith others thagppreciate the engaged role of a researohshapinghew

knowledge.

Moreover, the philosophical assumption of the system of inquiry of this research is inclined to
constructivist and emancipaygparadigms that support an inductideductiveapproach and
acknowledge multiple and subjective realities of social, political, cultural, economic values.
Figure 1.5 illustrates the philosophicalsg®mns chosen in this resear@hddescribes the role of
this researcher.
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Figure 1.5 The philosophical position of this research

Trustworthiness afesearch

In generalpecaus®bjectivist approachesssume that reality existsdependerty from

researchey they encourage methodologigsatminimize biasesin the subject matter under

study.In contrastsubjectivistapproaches accept multiple realities depending on the viewpoints

of an individual and a societpdditionally, in subjectivism, all viewpoints implifferentways

of approaching and understangia thing; however, none includes information on the thing itself
(Ratner, 200R The research paradigm chosen for this research belongs to subjectivist

approaches bwiso adopta constructivist (and emancipatory) viewpointgeneral, this
gualitativeparadigm often persuades researchers to be involved with the subjest and thus

might createissues related tine trustworthiness of resear@roat & Wang, 200R EgonGuba

(1981 describedgour aspectin dealing with the trustorthinessor suchan investigationTable
1.lillustrates these aspects dmikfly explainshow this thesis addressiinem The first is

credibility, also referredtasi nt er nal validity, weliweodo unfdetrisec o
findingsof a study The verisimilitude between the data andphenomenaepresented by those

data déermines the internal validityVith regard to ensuring internal vailig, manyresearchers

advi se -checkngob,eri . e., crosschecki ng ismahdwusemmfat i on
multiple data sourcg€resvell, 2009 Groat & Wang, 2002 The second focuses time external

validity( commonl y known as A gen eorapplicabilityoofrdsaatchy 6 a mo n
In regard to this aspedti, t r staterhents are contefseet hat hol d i(GubaalB8l, cont e
p. 80. The useof rich andfith i ¢ k d e socanvey findingansubject mattermight

ensue theapplicability of researcfCreswell, 2009 The third dependability(or reliability)

focuses on consistency of findings ahdsunderscores thatinder an unchanged condition,

repeating a measurement renders the same result. In other words, it expects the same conclusion
judged by the same or other intigators in thesame (or similargituation more than e (de

Jong & Van der Voordt, 20Q02Research that relies on multiple realties and uses humans as
instruments must consider the possibility of observed instabilitgh isfirealb (Guba, 198}

Being preparetb tackle such instability in datavith alternativeinstruments i®ften

recommended for ensurimgpendabilityThe last confirmability, highlights the neutralityof
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research. linakes sure that researcléergtgntial biasesinterestsand motivationglo not

influence findingsThus neutrality is often termed objectivitgnd itis usuallyensured by
methodologythe operational domain of researdeéthe next sectios). Reflexivity and
triangulationof data are particularlyuggestedo controlsuchbiasesand subjectivitfGroat &
Wang, 2002Guba, 198). The term triangulation underscores the use of multiple data soarces,
varietyof perspectives (theoriegnd different methodsomparedagainst one another to verify
and crossheck data as well as interpretatigDgnzin, 197). The fdlowing sections discuss

how therigorous research desigi this thesisises multiple data sources along with necessary
measures tovercome the possible flaws of subjeityi and biagsat different levelsesearch
tactics

Tablel.1 Aspects of trustworthineskedt with this research

Aspects Scientific terms  Focus How addressedn this research
Credibility Internal validity ~ Truth valueof Membercheckand triangulation of datéto
findings of ainquiry  verify and confirmdata with other relevant
respondentguring design charrette and
interviewy (seeChapter3 and 5)
Transferability External validity = Applicability inother A Thi ¢ k d e abstragurban)design
(Generalizability contexts or subjects guidelinegwhich are often contextee and
applicable to other contexts similar to Negril)
Dependability  Reliability Consistency if Tackling the expected instability in data
repeated with same  (availability of alternative instruments/topsuch
subjects and contexts as discussion notgasan alternative to doodling
on maps during design chatte) (see Chapter 3)
Confirmability  Objectivity Neutrality that is free Triangulation of datatfie following sections
ofi nqui r er s discussthe number of sources that this resear:
motivations,and has useq
interests

1.6.2 Domain ofresearch research approaches and tactics

Theexplomtion ofcontextdependenknowledge

Adaptation scholarshipften prioritizeslocally basedctiors even though the choice of
adaptatord epends on a syst e mo satwenopsscalasThas,tcaaohtetvec har ac
successful adaptatipoontextspecificandplacebased planningasa majorrole (R. Klein et al.,
2007 Measham et al., 20)1In particdar, human dimensiosand social phenomena surrounded
by contextdependent knowledgaso reflecsocially construct realitiesther than epistemic
theoretical constructi@(Flyvbjerg, 2008. Certainly, case studyesearch prioritizethis
context-dependent knowledge and hefpsearches understantbcalc o0 mmu nawareness 0
and knowledge of adaptatigparticularly wherresearcherhavelittle control over the setting

and thecontext ofastudy aredYin, 1989. Similarly, theresearchparadigmchosens a
subjectve-inductive research approathwhich cae studyresearch highlighteesearcheis

direct social engagement apdrticipation Thus,Swaffield and Demin¢2011) acknowlede
participabry action research and design charrettes as&pgtoachedoth of which havéeen
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applied in this researdisee Chapter 3 and.S}his reasoning greatly suppotke case study a
research strategy (opemtionatfesenicdanmae for exploratge arsdt udy 6 s
explanatory inquiry antbr gathemg empirical evidence.

According toRobert Yin(1989,p.23 such i nquiry investigates fa
withinitsreall i f e ¢ o m siteationsvheamldoundar i es bet ween phenc
c o nt e ambduoasr Eventually, multiple sources of evidence are most common to support

the inquiry of a case studylore specifically, the questions that guidbt casestudy areas

follows: What climatic risksare local people and assetgposed t8 How can localsadapt to the

risks? And whatalternativeglocally preferredor expertdriven)couldtheyconsiderfor future
adaptatiorplanning In responding to these questions, this redeadopts a single cadesign

because of B g r unigu® sopographical and@ogical features as well asitinique urban

morphological characteristicslorespecially Negr i | 6 s canditendiretowisant t | e me
industry are highlyxposedo climate changéRobinson eal., 2012); however, detailed

information onvulnerability and adaptatiomas yet to be reveal@dthe context oNegril. These
reasonalsovalidateY i n(¥P89 three rationales of considering a single case deShynfirst

is relatedo significance, particularlwhen a case symbolizes tbrtical caseto test a theory
whosepropositions are assumed to be true. In other words, the purpasagfe case is to

verify the acceptability and accuracy of such
extreme or uniqueature. Failuréo identify common patterns and characteristics for describing

a caseaequiresa unique investigation for this single case. The third justifieseteatorynature

of a case, particularly when a case remains inaccessible and unexplored for scientific

investigations.

Adaptation decision making and policy implementation are frequently driven by experts

(Davoudi, et al., 203 Roberts, 2008 In the context of the study area, this statement

hypot hesi zes that Jamai c afesmvisions frladaptdatienramdi ng ag
are professionally committed developing the ést adaptation plan for Negrithis professional

outlook is often criticised by local people and communities, especially when such a plan does not
reflect local views and preferend&erju, 2013 To resolve this debate, this resgauseslohn

Fr i ed ni®f3rrénsactive planning model to connecpent and experiential knowledge.

The success of this model lies in effective public participatiarmethod long discussed in

planning literature (since the middle of the last century), even though its effectiveness is still
debatedFainstein, 201p

Althoughthecase studgtrategyfacilitates obtaining the empirical evidence on climate change,
building theoretical frameworks along with its operational strategies are justified through logical
argumentationLogical argumenation, as a research strategyderscores the understandofg
phenomena and ideas throwtgterminingtheir coherenstructure and relationshig&roat &

Wang, 2002 Figure 1.6 illustratethe philsgphical and research domain of this research
including their corresponding tactids. particular,Chapter 2 uses a deductive approach to
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review literature obtaininga detailmethodologicaframeworkof this chapter defines the
resear cher s 0 inprdesto ensure meutalitydAdditionially, Chapters 3, 4, and®
a refexive (i.e., inductivedeductive) approadhecausé¢he nature of investigatiamostly
belongs to interdisciplisry approachesvhich facilitate making sense of leg@lf abstraction
and technologsused in different disciplines.

In addition to logical argumentatiothis thesis considedesign projection a reflexive

research strateggommon in design disciplinemtegraing theoretical predictions and empirical
observationthis strategg ncour ages fAindividual c (Ssvaffteld vi ty,
& Deming, 201). For exampleWe | | (2008 psojective design research includesen future
developmenpossibilitiesfor accommodating the increasing populatidnhe cityof Perthin

Australiaby 2050 Being bothsituational and synthetithis strategys more subjective than
descriptivein nature This thesis adoptis approachvhile transforming thempirical

information and projecting future adaptation plans for Negril. With regard to ensuring neutrality,
this research emphasigthe abstract urban morphologigaiormation presented either through

thick abstract diagrams or through thick descrigtj@sGroat and Wang advide

Mostimportantly all three strategieselp the researcher mehberesearctgoal of integrating
conceptsn the three fieldsclimatechange adaptationesilience and urban planning and
design Abstractingandlinking theseinterdisciplinaryconceptsand ways obperationaling
themthrough empirical evidence to reveal subjective rediityninate the process wdtional
foundation thus constituting ththeoretical frameworkor this research.

Philosophical foundation

i \
Research

paradigm Operational domain of research

T \

Research framework Formulation of . Development of L Development of Empirical test ‘ .

Recommendations
(see Figure 1.7) research questions Theoretical Framework perational Framework (Negril's context) (Related to design)

Research
strategies Urb Urb

. . rban rban . L
Logical argumentation—» marphology, <«—Case study—» morphology <«—Design projection

Figure 1.6 The (operational) domain diis research

Urban morphologyunits of design

This study underscores urban desi@ne of the fundamental dimensionsudbandesign is
urbanmorphology the othersncludeperceptual, social, visual, visual, functional, and temporal
dimensiors (Carmona, Heath, Tiesdell, & Oc, 2010rban morphologya study of urban form
analyzes and reads cities through the lertbaif physicalform. Fundamentally, urban
morphological research includes three principles in dealing with the structure of urban forms:
form, resolution, and tim@Moudon, 1997. Accordingly, these principles of urban form am
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understanithg city developmenprocesses. Firstlyhroughthelensof form, urban fom can be

defined by three basic physical elements: building footprints and related open spaces, building

blocks or lots, and street netwoi|(zarmona, et al., 20J.0Secondlythroughthelens of
resolution urban form can be scaled at distinct levels of resolution, aseimeighbarhood or
district. Lastly,through the lens dfme, urban form can also be understood historicall\abse
elements that undergo continuous replacementrandformaibn indicatethe temporal
dimension of urban design.

Thescopeof urban morphologyasearch includes three princiggplicationgMarshall &
Caliskan, 201t

) as a explanatory or investigative technique to study the change in form and so clarify

urban change

i) asa diagnostic tool to study successful or unsuccessful kinds of urban fabric

iii) as a way of identifying exemplars, types or elements of urban form that eoukkd
as Aunit'® of design

AMor phol ogy is an abstract 6shadowdé of physic

0f oreshadowd dMarskall & Galiskamn, 2011, e4d.aTHistpotemtial of urban
morphology research may perhaps become a tool for explbrigture design directions
needed to deal with climatuncertainty.

Thistool enablegesearchers to understandividual (fundamentalomponents oNegrild s
urbanform along with its designharacteristicsThisunderstanding u st i f i es t he
epistemological positioof investigatinghow we know the relationship between physical

rese

planning and urban design and climate change adaptétiore pl anni ng of Negr i |l

settlementswhichrepresentga unigueand linear morphological patteregulated byourism
industry andocal ecosystemgails to incorporate appropriate adaptation respo¢idesVilson

et al., 2014 Thus,this tool provides potential techniquesclarify the degree of vulnerability to
climate change influenced lyban morphologicatomponents and their desifgaturesthereby
exploringadaptatiorinterventions through planning and design.

Data collection, management, and analysis

In order to achieve neutrality and minimize the risk of possdsdearctbiases diverse
techniques are used to documenanageand analyséata.First, this study employs the design
charrette, a methodological approagéyeloped by Khirfaiiin pres$in linking adaptatiorand
planning Design charrett® a tool of design projectioresearctstrategiesincludes time
constrained and hanas workshops andffers different desigitbasedactivities between
professionals and locals to articulate a vision for building a sustainable comif@inityg,

! By definition, urban morphology facilitates the study of thmposite nature of urban forrarban morphology,

similar to fimorphemeodo in | inguistics, iumbanfamiGueey,t he

2008 Marshall & Caliskan, 2011

17

s ma |l



2006 Swaffield & Deming, 2011 Two daylong design charrettes were organized in the Negril
area to articulate local adaptatithinking into possible actions through physical planning and
design. In totgl37 participantsncludingplanners, policymakers, local activists, and locals
attended. Then, guestionnaire survey representing 151 respona@asesssed the local

adaptaon preferences. Next, 19-depth interviews were conducted with the planning, design,
and environmental professionals responsible for planning and development of the entire island.
A GPS survewlsoconsideredeveralkections (west to east) along Long Bay; each section
consisted ofhreeobservatiorpoints from south to nortiwhich were systematically separated
based ormigh water mark, permanent buildmglose to the seand the higlvay (Norman

Manley Boulevard)Lastly, observation anttansact wallanalyses along with casual interaction
with locals documented morphological characterisiités observation entails the detailed
description through documentation of the study area through observational site notes, such as
those adopted by Friedmg&2007) in his study of Senneville in Montres#mongthesecondary

data, GIS maps were obtained from different agencies, including the Mona Geoinformatics
Institute at University of West Indies, to gain information on existing built environments. Peer
reviewal and grey literature, government reports, and maps are a few other sources of secondary
information.A number of techniquesereused to document and manage this information,
including layered maps, text scripts, field nogmeadsheetphotographdn addition, in data
analysis, this research employsaleral qualitative techniqudsor examplevisual and

graphical analysidominatel most of it andimple statisticyerifiedinterpretations of this
researchMoreovermultiple sources of data amaverse techniques for their analyssssued
triangulationto achieve neutralitpf this research designin other wordstrustworthiness ithe
naturalistic (interpretivebnstructivg paradigm of thigsesearch

1.7 The Researchframework of this dissertation

The study includes three sequential steps as shown in Higuo®rresponding ttheresearch
guestionsand the research paradigm choserefirst stepaddreses the subquestiors and
identifies research gaps apdtential research agendasconnect climate change adaptation and
urban design in relation to urban morphology. Eventudlfacilitates thedlevelopmenof
theoreticalframeworls of the following research design ssefJpon establishing the
philosophcal foundation and position of this researcher, tiséms usedifferent methodological
approaches, includinpe design charrette, interviews, and direct participatisedo
operationalize the conceptual frameworkaddition to considering thesepary sources of

data collectionthe steps consudt number of secondasources to gather informatiai.also
identifies severalirban design attributes that have plogential to enhandde adaptive capacity
of urban settlements and to set thalitative and quantitative asssment criteria to measure
adaptive capacity, particularly based on urban dasigasuredJsing the results of these
analysesthe last steplevelopsurban design guidelisdor the study ar@andgeneralizes them
for applcationto other areawith smilar climatic vulnerability and exposure to climate change.
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Lj Resilience kﬁ > Urban morphology

Gaps

Establishing
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c
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2 Field work 01 : : Field work 02
E , (May-June 2014) : (August 2015)
E i | Design Charrettes and direct observation | : Interviews and direct observation

l L I

Py

Urban (ecological) design guidelines
to adapt and enhance resilience of urban form to climate change

Findings

Figure1.7 The esearch framewordf this thesis

1.8 Structure of this dissertation

This dissertation flows amanuscripthasedformatthat consists of foustandalone manuscripts
prepared for peareviewed journals. Collectively, the purpose of these manuscrifatstj$o
achievethe overarching goandto addressequentiallythe central research gegonand its sub
componentandthen to contribute taknowledgelinking climate change adaptation to urban
planning and desig.able 12 lists the manuscripts and thetatus More spedically, Figure

1.8 highlights how each manuscript addreshe severatesearclobjectives of this research.

Tablel.2 List of manuscripts included in this dissertation

Manuscripts  Titles Target Journals Status

I Climate Change Adaptation in thigban Planning Journal of Accepted and
and Design Research: Missing Links and Researcl Environmental in press
Agenda Planning and

Management

Il Communitybased Adaptation through Ecological  Journal of Urban Published
Design: Lessons from Negril, Jamaica Design

I Toward Developing a Muklscale and Multi Urban Climate Under review

dimensional Framework for Enhancing Resilience
Climate Change

v Six Urban Design Measures for Climate Change  Planning Theorg Ready for
Resilience: a Caribbean case study Practice submission
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Research objectives

I

Identification of gaps and
research trajectories

Manuscript |

Manuscript Il

Manuscript Ill Establishment of links

Manuscript Il | peyelopment of theoretical

Manuscript lll | 5nq methodological frameworks
Manuscript IV

Manuscript Il Operationalization
Manuscript IV | of frameworks (Empirical test)

Figure1l8 T h e ma n u s cmrmegng thereseactbbgedives

1.9 Outline of this dissertation

Apart from this introduction chaptére., Chapted), this thesis includes five other chapters.
Each of he ollowing four chapters@hapter2 to Chapter5) sequentially presesibne
manuscript(to IV respectively.

1 Chapter ZManuscriptl) presents &iterature reviewnvestigatingthe nature and extent
of how the planning literatutgasaddressedlimate change adaptatisincethe early
yearsof this century. Thislapteridentifiesfour shortcomingsn the literature: the lack
of interdisciplinary linkages, th@bsencef knowledge transfer, the presence of scale
conflict, and the dearth ofgpticipatory research methods. It recommeadsw
trajectories for future researcind accordingly, provides rationales to validate this
research.

1 Chapter 3anuscriptll) considers the trajectoriedentify in Chapter 1 angays
attention to linking ecological design and ecosysbased adaptation whigynthesizing
local and experadaptatiorknowledgethroughempiricalevidence in the study area. The
chapter highlightslesign charretteas a tool foparticipatory action research and
prioritizes ecologically sensitivedaptationnterventions.

1 Chapter 4 anuscriptlll) establisheatheoretical framework to measure and enhance
resilienceto climate changwhile focusing on urbamorphologicakcomponentsUpon
reviewing literature (primarilyelated tgplanningand desig) the chapter establishes
number ofresilienceconcepts that influenade shapingof urban form andhathold
potential to adapt tolimate changeFinally, it concludes with providingrban design
guidelinesto enhance resilience.
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1 Chapter 5anuscriptlV) reviews interdisciplinary literature, including adaptation,
resilience and urban design and planning,\aerdiesthetheoretcal framework
developed in Chapter. Zhis dapter devisesix urban design conceptsdssess and
enhanceheresilience of amxisting built environment. Aeframeworkis then
operationalizedn the context of Negrjlusing seni-structured interviewslhis chapter
reveals that Negril 6s pl anaimainthgpreaalimgp t s
patterns of built environment whitverlooking theenhanement otheinnate and
transforming ability tacope with climate change and its resulting uncettain

Finally, Chapter6 offersa synthesis of these manuscripts in relatiothéar rationales and
coherence imddressing the research questionsrderto meet the research goal. This chapter
also discusssthe research contribution to improving adaptation planning and preoticeboth
globaland local perspectigebeforepresentinguture research directions antfering
concluding remarks.
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Chapter 2 : Manuscript |

Climate Change Adaptation in the UrbanPlanning and Design Research: Missing Links
and Research Agenda

[accepted and in pressJournal of Environmental Planning and Managenpent

Abstract

This article investigates the extent and the nature of how urban planning literature has addressed
climate change adaptation. It presents a longitudinal stutly&eerreviewed articles

published from 2000 to 2013 the leadingurban planning and desigournalswhose selection
considereckarlierempirical studieshat ranked thenThe findings reveal that the years 2006
represent a turning point, after which climate change studies appear more prominently and
consistentlyin urban planning and desigdjterature; however, the majority of these studies

address climate change mitigation rather than adaptiiost adaptatiostudies deal with
governance, social learning, and vulnerability assesspwveiite paying litle attention to
physicalplanning ad urbandesign interventionsThis article identifies four gaps that pertain to

the lack of interdisciplinary linkages, the absence of knowledge transfer, the presence of scale
conflict, and the dearth of participatory research methods. It then advimrates advancement

of participatory and collaborative action research to meet the multifaceted challenges of climate
change

Keywords
Physical planning, urban design; climate change adaptation; mitigation

Acknowledgement: This chapter is derived in part from an article accepted in Journal of Environmental
Planning and Management on 11 April 2016 © Newcastle University, available online:
http://tandfonline.om/10.1080/09640568.2016.1178107

To citethis chapter: Dhar,T., & Khirfan, L. (2016).ClimateChangeAdaptationin the UrbanPlanning
andDesignResearchMissingLinks andResearcigenda. Journal of EnvironmentaPlanningand
Managementaheadof-print)
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2.1 The scope of this study

At the turn of the millennium, the Intergovernmental Panel on Climate Change ((P@X1p

warned in its Third AssessniegReport (TAR) that human settlements along with the energy and
industry sectors will face the largest and most costly impacts resulting from the extreme weather
events associated wi™aridmoré recerdBassessmerd neppelow | PCC6 s
up on TAROs findings, predictions, and recomm
urge urban planning scholars to establish theoretical and empirical links between the science of
climate change and urban planning and design.

The anthropogenicontribution to climate change is a widely accepted fact. According to the

United Nations Framework Convention on Climate Chahi¢FCCC)(1992, ar.3climate

change i s fattri but ed -ctivitythat@alters the compositionafithee ct | vy
global atmosphere and which is in addition to natural climate variability observed over

comparable time periodso. This paper highligh
planning and design to altand mange human activities so as to mitigate and adapt to climate
change. Mi tigation refers to fAan anthropogeni

enhance the si nk$IPC&f200gky; e @0white adamation ensarss 0

A a dtinantsn natural or human systems in response to actual or expected climatic stimuli or
their effects, which moder at e gIPGCa200thb,p.B82e x p | 0 i
Indeed, the aforementioned TAR has highlighted several major bahagisinder the

adaptation of human settlements to climate change, including weak institutions, a lack of

financial resources, and inadequate or inappropriate urban plgi®@g, 2001p. This article

expands on the distinctions between mitigation and adaptation, and revieiscthese on

adaptation in the urban planning and design literature in order to clarify its extent and nature and

to offer future directions for research.

Specifically, this article addresses the following questions: i) to what extent do thegylasuoin
planning journals include studies on climate change in general, and on climate change adaptation
in particular? and ii) how has the urban planning literature addressed the connections between
climate change adaptation and urban form? Throughisuektigation, this article underscores

the links between climate change adaptation and physical planning and urban design by
exploring the triad of theoretical, empirical, and poliogiking and practice aspects. Firstly,
theoretically, this article compes the extent of the urban planning research on climate change
mitigation versus adaptation in order to identify directions for future research. Secondly,
empirically, this article identifies the research designs and methods that have typically been
deployed in the urban planning and design research on climate change adaptation. Lastly, from a
policy-making and practice perspective, this article investigates how the research on climate
change adaptation has contributed to the development of urban plandidgsagn policies and
practices.
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In order to achieve its objectives, this article presents the outcomes of a longitudinal study that
considered peareviewed urban planning and design articles that had been published since 2000

I apivotal datethatci nci des with TARGO6s publication and i
planning and design research. This longitudinal study covered articles from 30 urban planning
and design journals published between 2000 an

Goldste n a n d (Qdldstieia & Blaer, 20l pand Sal e t(Saen&Bodd @0k 0 s
studies that ranked urban planning and design journals and identified their scope and aims.

The following section introduces the basic concepts behind the science of climate change. It is
followed by discussions on the turn toward climate change research and its links to
environmental research in urban planning and design. A detailed discusiemuthodology
adopted in the longitudinal study that led to this article then follows, followed by further
discussion, and eventually, the conclusion.

2.2 Climate change: an emerging science

In 1979, the First World Climate Conference by the WorldriMegical Organization

highlighted, among other topics, the necessity for nations across the world to predict and prevent
potential mammade changes in climate that might impact the-eihg of humanityZillman,

2009. In the wake of this conference, the World Climate Research Program was established to
determine the predictability of climate and the effects of human activitie\WCIRP, 2012

This led the United Nations Environment Program (UNEP) and the World Metrological

Organization to foundn 1988, the Intergovernmental Panel on Climate Change (IHR&ake

& Smith, 2009.The IPCC published its First Assessment Report in 1990 at the Second World
Climate Conference. Like its predecessor, this conference highlighted the risks of climate change
and led to the establishment loeflO9URYECRE®COl Under
sought to obligaté mostly industrialised countries to reduce their greenhouse gas emissions
(UNFCCC, 2013 The 1980s and 1990s also witnessed the endorsement of several reports and
agreements, such as | PCCo0s F1990and139@éd Second A
consecutively), the Kyoto Protocol, and Agenda Thus, during these decades, climate change

was initiated as a scientific field that set new directions for researchers from various fields, while
several climate changelated notions deveped, including the aforementioned adaptation and
mitigation as well as vulnerability, risk, and resilience (Box 1). The following discussion

presents an overview of the subsequent development of climate change science, particularly
adaptation.

The Kyoto Protocol, adopted in Kyoto, Japan, in 1997 and entered into force iri@@internatinal agreement
linked to the UNFCCCthatcommits its partiesto setbinding to greenhouse gas (GHG) emissieduction targets
(UNFCCC, 1998

® Agenda 21, adopteat theEarth Summit held ifRio de JaneiroBrazil, in 1992, reflects a global consensus and
political commitment at the highest level on develeptrand environment cooperation. It addresses global
environmental problems to accelerate sustainable developmehe first centuryUnited Nations,1992).
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Over tte first decade of the ZTentury, the emerging field of climate change adaptation has
significantly advanced and attempted to address many interdisciplinary andwitoss themes.
Nevertheless, Hunt and Watkig011) noticed that the clilmte change literature failed to

r ecogn.i-gpectrdiimpactssaad adaptation nk ages o ( p .BérfapgFordreur t her i
al. (2011) observed that adaptation studies consistently increased, and most addressed

vulnerability assessments and natural systems while also including proactive adaptation

adaptation that occurs as a precautionary measure aipatibnof changes in climatic patterns
(Figure2.1a). Their study also revealed that the utility sector including, energy, water, and flood
management, represented about 64% of the overall adaptation studies. In comparison, the sectors
that could potendilly link adaptation to physical planning and urban design, such as

infrastructure and transportation (e.g., coastal engineering structures), represented 38% of the
studies (Figur@.1b). According to Ford et 2011, p. 330 about 90% of -what t
structural o are nor mati ve. I n other words, th
stratgjies, policies, and regulations in order to guide current and/or future adaptation plans and
policies rather than structural (or physical) interventions, e.g., coastal protection and

transportation. Berrangord et al(201]) also added that the majority of such studies include

aspects like adaptive capacity, assessments of climate change vulnerability, conceptual

frameworks, and general adapta approaches rather than actual adaptation actions. These
conceptual policies and mechanisms are often
substantively beyond t heBeaagFerd staded0il, pa2iTd pl ann
date, climate change studies have addressed the sectors primarily relatddvel sese,

extreme heat, health, and water resources, while the sectors associated with built infrastructure,
energy, and transport remain less studi¢ant & Watkiss, 201l Re c ki @0l mdental . 6 s
study on climatehange policy in 200 European urban areas revealed that 72% of such areas lack
any adaptation plans and 35% lack a dedicated mitigation plan.

Education
Energy
Industry and technology
Culture
Tourism
Public health
Disaster risk management
Ecosystem management

Ocean and coastal
Infrastructure and transportation
Secure resources and food security
Agriculture, fishing, and/or forestry

Projected
publications

Number of publications

Utilities (including electricity, water, and flood
0 2006 2007\{ 2008 2009 0% 20% 40% 50% 80%

(a) (b)
Figure 2.1. Consistency of adaptation studies (a) and Sectors involved in adaptation

interventions (bfadapted from Berrangord, et al., 2011

Lastly,Roggemae t @012 @\sew identified the diffent foci of adaptation studies,
including ones that tackle the fundamental definitions related to climate change as well as
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governance and institutional policies. Their study also revealed that the steadily growing body of
literature on climate change adaiton has rarely included spatial planning, urban form, or urban
design. Others have also established that the majority of adaptation studies thus far underscore
isolated aspects of adaptation and rarely address the complex interactions between the bio
physical, economical, and environmental agents of an urbar{tdued & Watkiss, 2011Revi,

et al., 2014 In fact, the climate change adaptation literature generally acknowledges this
inadequacy antence recommends better urban planning and design; underscores the quality of
building, infrastructure, and services; and advocates for land use planning and management that
would collectively enhance the resilience of urban afeasi, et al., 201 Notably though,

while resilience has been discussed in the secabogical literature since the 1970s, it remains a
relatively new concept in urban planning discoupseticularly visavis climate change
adaptatior(Davoudi, et al., 201Stead, 2014
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Box 1.
Vulnerabilityis the degree to which a system is susceptible to climate change and its ing

to cope with the adverse effects of «cli
described in terms of Aits exposutivigztot o
t hose iVoeeatalt, 2007, p. 81l4Exposure and sensitivity are almost inseparable
attributes of a system and are dependent on the climatic stiBul8snit & Wandel, 2006
Exposure indicates the degree to which a system is exposed to the exigencies of climat
extremes or hazards, and thus, the exposure of any system varies widely according to i
geographical location in relath to latitude, land masand climatic variabilityRoaf,
Crichton, & Nicol, 200%.

Risk,according to Crichton(2003), is a function of exposure (E), vulnerability (V), and
hazard (H), whereby: Risk(R) = f(E x V x H). This concept of risk has been widely used
urban planning discourgeedeski & Gwilliam, 2007Roaf, et al., 200%E. Wilson & Piper,
2010. Others like Rosenzweig et@O011), considered that risk is the @rsection of three
vectors: hazards, vulnerabilities, and adaptive capaeitgreby adaptive capacity (i.e., a
sysemdés copiingflabehced )by t he sys(BSmthesal,e
2001).

Resilience ef er s t o a systemb6s ability to ab:
structure and ways of functioniggndsimultaneously possessing the capacity to adapt to
climate chang¢lPCC,2007. Thus, increasing a sigsdonge m

term coping ability so as to reduce risks and vulnerability from climate change. As resili
is considered the antithesis of vu(Paliag, a
2011, p. 42and thus, resilience often reflects@ncept analogous adaptive apacity
(Beatley, 20131

2.3 A new millennium: a new turn toward climate changeresearch in urban

planning

TAROGs publication in 2001 brought the |ikely
forefront by describing three nartimatic scenarios that would nonetheless characterize the

sensitivity of any given systeinan urba system in this cageto climate change, namely:
sociceconomic; land use and land cover; and environmental. Firstly, theesmriomic

scenario included governing structures at different scales, patterns of technological changes, and
social valuesth# er ve t o project greenhouse gas emissi
vulnerability or its adaptive capacity. As for the lasmsechange and landoverchange

scenarios, they involved processes that were deemed important for estimating climage chang
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and its impacts. Both types of change influence greenhouse gas emissions and carbon fluxes and
thus strongly impact climatic processes, which in turn lead to change in the land cover. The
conversion and modification of land cover may even influencertifepties of ecegystems and

their vulnerability to climate chand#PCC, 2001a For example, Moglen and KiiMoglen &

Kim, 2007 explored the potential of change in both land use and land cover as a tool to measure
imperviousness which is considered to be an effective predictor of environmental degradation.
They accordingly recomanded limits to imperviousness that range from 7% to 8% of any given
area to cope with climatic uncertainty. Lastly, the environmental scenario referred to future
environmental changes other than climatic, but which nevertheless might significantlyutentrib

to a changing climate, such as atmospheric composition; marine pollution; and the availability,
use, and quality of watélPCC, 2001a

While these three scemas are important for urban planning and design, equally important were
TAROGs findings that | ed to projections such a
and increased heat waves) damder minimum temperature (i.e., more coldys and incresed

cold waves)Such variations would yield health repercussion such as higher incidences of death

and major illnesses, especially among the elderly and the urbarMwrenver, sedevel rise,

whose severity and risk vary regionally, is expected to increase over 8 mm/year between 2081

2100 although between 19@D10 its rate was 1.7 mm/yeg@&achauri et al., 2@). Combined

with more intese precipitation, sel@vel projections indicate an increase in floods and

landslides, the frequency of tropical cyclones, and the intensity ofinalidbf which would

negatively impact human settleme(i®CC, 2001z TAR&s premonitory proje
earlier studies like that by Nicholls et(@P99, who estimated a fivefold increase in the number

of people (nearly 93 million) who will be displaced annually due to the flooding that would

ensue from storm surges if a 38cm-meel rise occurred between 1990 and 2080. In fact,

research warned that @van entire implementation of the Kyoto Protocol would not be

sufficient to decrease global warming. Specificatlig overall target of the Kyoto Protocol was

to reduce the 1990 greenhouse gas emissions by 5.2% by 2012, as achieving this target may yield

a sixyear delay in global warming by the end of the twdist century(Peake & Smith, 2009

The inevitable impacts of climate change warrant the imperativeness of climate change
adaptation research to seek sustainable development. In fact, several studies underscored the
significance of empirical research adaptation, such as Burtone(#98and Smit et al
(2007). Such studies highlighted the following conditions: 1) climate change and its impacts are
unavoidable; 2) anticipatory and precauntry adaptation strategies are more effective and less
costly than forced and lastinute emergency adaptation or retrofitting; 3) climate change may

be more rapid and more pronounced than current estimates suggest; thus unexpected events are
highly posdble; 4) immediate benefits can be gained from better adaptation actions; 5)

immediate benefits can also be gained by removing maladaptive policies and practices; and
lastly, 6) climate change presents opportunities as well as threats, and therefore atlange

may Yyield future benefitB Smit, et al., 2001, p. 890Clearly, adaptation to climate change
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constitutes the common denominator among these six conditions. The literature on climate
change adaptation has advanced further through the develogincencepts such as
maladaptatioiBar net t & )Oduddystedbdsed adaftatidposwald et al., 2014
Travers, Elrick, Kay, & Vestergaard012 and communitybased adaptatiofHuq & Reid,

2007, Schipper, Ayers, Reid, Hug, & Rahman, 2D However,how has the urban planning and
design discipline regmded to these conditions? Planning scholars often claim that the planning
and design literature has not contributed much to addressing these climatic cofiitans, et

al., 2006 Roggema, et al., 20LZTherefore, this paper investigates the extent to which the urban
planning and design literature has addressed the topics abdiemmed using a longitudinal

study. The next section describes the methodology deployed for this investigation.

24 Methodology

To answer the above questions, this paper presents a longitudinal investigation of scholarly
research on climate change in the urban planning and design literature. This study has adopted
several criteria to determine the eligibility of a scholarly wéikstly , only peefreviewed

planning and desigiournals whose articles are published only in the English language have
been considere&econdly this longitudinal study has considered the year 2000, a turning point
as the start of a new millennium,andsie 2001 al so coincided with t
TAR with its aforementioned three scenarios that had direct implications for urban planning
research. Thus, only journals already in publication by 2000 are considered, in order to detect
recent trendand the emerging areas emphasized in the urban planning and design research vis
avis climate change and especially adaptation. This entailed excluding planning journals that
were launched after 2000, like the Journal of Urbanism: International ResedPtdcemaking

and Urban Sustainability (issued in 2008) and the International Journal of Urban Sustainable
Development (issued in 2010)hirdly , the ranking of the journal also determined its eligibility

for inclusion in this study based on two articleatthad listed and ranked the planningrials,
namelyGol dst ei n (2019c r Ma ic ¢TédUse and Valdatiof of Journals in

Pl anning Schol arship: P e e randil®e sansmentay ontitbyw er s u s
Salet and Boef2011), whi c h Q@oasentary: Compatingfihe Use and Valuation of
Journals between US and European Planning Scholars Thus, t hese three cri

journals that we classify as group A (TaBl&). Fourthly, six additionalurban planning and

designjournals, namedroup B (Table2.2) were considereldecause they have the potential to

link planning scholarshiptclimate change. Selection of this group emplayedmbination of

their scope and aims, and also, their ranking according ®Ghmago Journal RanSJR

indicator and its H Index)seewww.scimagojr.corn In otherwords, goup B journals deal with

urban form and the environmeamd their interface. According to Kevin Lyn¢1981), urban
formreferstont he physi cal environmento of a city theée
permanent and inert physical objects such as hills, rivers, streets, buildings, utilities, and trees.
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Collectively, based on the four criteria, 30 urlgdanning and design journals in total (in groups
A and B) were eligible for inclusion in this study.

Table2.1 Group A journals and their aims and scope

§ . Aims and scope >
- — = o < -g
[ — = Q e}
Q e Sy IS c n

2 s S$%g 2 £<

Name of planning and design journals 23 = @ gg P % g‘ o 3 -~ 8 g

cc E2 283%c =5 c 2 52

> 2 >S5 =2 o 832 L = 900

22 25 25 Ec3 @ E 9 57
o2 og £E£25a55 § £ ©
N 5 N £0 E & 29 5 = 2 0
o Q S2E€E0gl8c = @ ¢
o2 o2 =292 g 0 ce c & O Q
FL 2 aTowpEtS g w A o
Journal of the American Planning Association 1 11/12  + - -+ + + + A
Journal of Planning Education and Research 2 9 + - - - + - + A
Urban Studies 3 1 + 0+ - - - a
Housing Policy Debate 4 -+ - - - - - a
Journal of Urban Affairs 5 -+ + - - - - a
Journal of Planning Literature 6 + - - - + - - a
Economic Development Quarterly 7 - - + - - - - a
Environment and Planning A 8 2 - - + - - - - a
Urban Affairs Review 9 -+ + - - - - a
Environment and Planning B 10 7/8 - - - - -+ + A
International Journal of Urban and Regional Resear 11 6 + + o+ - - - + A
Journal of Environmental Planning and Managemen 12 - - - - + + - a
Journal of Planning History 13 + - -+ - - + 4
Journal ofUrban Design 14 15 - - - - - -+ a
Landscape and Urban Planning 15 - - - - + + - a
Regional Studies 16 - - + - - - - a
Transportation Research 17 - - -+ - - - a
Planning Theory 18 7/8 + - - - - - - a
Journal of Architectural and PlanniiRgsearch 19 -+ - + - 4+ + A
Planning Theory and Practice 20 11/12  + - - - - - - a
European Planning Studies 3 a
Town Planning Review 5 a

disP *(in German, English, French, or Italian) 10
Planning Practice and Research 4 a
Environment and Planning C 13 a
Raumforschung und Raumordnung * (in German) 14

Note: The numbers from 1 to 20 show the ranking of the journals according to Goldstein and Maier, and Salet and
Boer. The positive (+) and negatii marks signify the areas of specialization on which the journals focus more or
er ;

|l ess respectively accor

di

ng

t o

Gol

dst ei

n
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study; and the asterisk (*) indicates that the journaldigtu articles in languages other than English.
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Table2.2 Group B journals and their aims and scope

Name of journals (Group B) Aims and scope SJR* H Index*
Building and Environment Sustainable buikénvironments 1.27 53
Environment and Urbanization Human settlements and environment 1.02 24
Journal of Urban Planning and Development and redevelopment of urban 0.58 17
Development areas

Urban Morphology Research and practice in built environment 0.22 10
Urban Design International Urban design and management 0.3 9

Built Environment Environmental planning and urban design  N/A N/A

* obtained from theSClmago Journal Rar(vww.scimagojr.com)

Once the eligible 30 journals were selected, the next step entailed determining the eligibility of
the articles themselves. For this purpose, a thtage approach was adoptkdthe first stage,

we reviewed the title, abstraeindkeywordsof all the aticles published in these 30 journals
between 2000 and 201Bhis inductive process employed a thorough review of articles of every
issue and volume of these journtédat was conducted manually in order to select articles for this
research instead of gnlising search engines like Google scholar and web of science. It is
because, in the early days, key terms 1|ike
however, now they stand for both mitigation and adaptg§RoiRobinson & Gore, 20)5In

addition, articles focusing on sustainability and risk include several components which are
closely associated with climate change (mitigation or adaptation); however, in some cases, they
have never used t h(see,tforexample, feor & Edveatde 20000 haus)y g e 0
to minimize possible errors and the chance of losing relevant araolgsrticle whose subject
matter addressed, whether directly or indirectly, either climate change mitigation or adaptation
was selected. This first stagielded a total of 405 articles that addressed climate change
whether mitigation or adaptatienof which 83 were published only in 2018.the second

stage we separated the articles into two groups: mitigation and adaptation studies. The
mitigationstudies totalled 248 and included those articles that investigated the sources of and/or
the methods for reducing greenhouse gas emissions through urban planning and urban design
policies and practices. For example, mitigation studies included thosethessed the

reduction of automobile dependency, which would indirectly promote the reduction of
greenhouse gas emissions. The mitigation articles also included those that dealt with smart
growth and compact urban form such as studies on New UrbanisnrarsitOriented

Developments (TODgkee for examplelepson & Edwards, 201¥edla & Shrestha, 2003 he
adaptation studies totalled 157 articles and included those that sought to adjust the built
environment either with the objective of moderating the harm, or exploiting the potential benefits
of climate change. They also included studies that foculseoapproaches for addressing the

direct and indirect consequences of natural disasters that are posed solely by climate change.
Accordingly, this study has excluded articles on earthquakes, for example, and instead only
considered the planning researchtlom different strategies to alleviate the impacts of climate
change. It should be emphasized that an article was included in the adaptation group depending
on its subject matter regardless of whether
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changg or MAadapt at i on dNaugk and 3miti@e06, Bahrainy@008,iarcdl es by
Thompson(2012. Also, the adaptation group included a few studies that have discussed both
adaptation andhitigation.

The third stagefocused solely on the 157 adaptation articles that appeared in the 30 chosen
journals. Based on their content, these articles were classified into groups that are discussed in
detail in the next section. This classificatioaw based on Ri(@200afoud Kl ei n €
iterative steps for adaptation strategies, namely information development and awareness raising;
planning and design; implementation; and monitoring and evaludt@nfourth and last stage
involvedidentifying the links between the climate change admptarticles that were published

in the urban planning and design journals in particular, and climate change literature in general.
This took place by investigating the extent to which the urban planning literature on adaptation
had actually cited climatehange literature that had appeared in climate change journals such as:
Global Climate Change; Climatic Change; Natural Hazards; Disasters; and Mitigation and
Adaptation Strategies for Global Change among others. It is imperative to underscore here that
our count focused on the links between pesfiewed journal articles and excluded other

sources

25 Climate change adaptation in the urban planning literature

The result of sorting the 405 climate change articles during the second stage reveal that there is

an increasing trend in the publication of empirical research on climate change in the urban

planning and design journals (Figl2). Figure2.2 also indicges a noticeable increase in

adaptation studies since 2006, after hurricane Katrina hit New Orleans. This finding is consistent
with the publication in 2007 of I PCCs6s Fourth
Peace Prize that same yé@aignificant factors that may have contributed to successfully

establishing climate change as a research challenge in the planning discourse. In fact, since then
many journals have published special issues on climate change, ®idh &sivironmend s

2009: & CChamag e, FI ood Ri s kJownaldfth® praeticaraPlanniig a n n i r
Associati2nb6: (FRIPANDNIi ng for Climate Change: |
andEnvironment and PlanningC 0 1 3: @A Nov el mul ti secrshipin net wor
ur ban c¢ | i ma.tMestigmoraathy, the mumkeeioof articles published on mitigation

consistently far exceeded those on adaptation.
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Figure 2.2 The number of articles on climate change mitigation and adaptation in the planning
journals.

Next, the exhaustive review of the chosen articles on adaptation determined their distribution

over the eight areas of focus (Fig@:8). This finding reveals #t governance and social

learning studies constituted @4of the 157 articles on adaptation, followmdrisk assessments

studies (160). The articles on alleviation strategies, which included spatial planninglaaa u

design, constituted only ¥b of the aaptation studies. This finding comes despite the fact that

the 1984 Ocho Ri os c¢ 199 estudyg both endaascatled Brwlusey et al
planning as a powerful adaptation tool for reducing the negative impacts of climate change.

In order to situate the 157 articles within the existing frameworks of climate change science, this
article has developed a contegd framework that facilitates the classification of these studies.

Table23 describes this framework, which, in colu
aforementioned iterative steps of adaptation strategies. Although initially developed for coastal

zores, Klein et al.6s model can be adjusted for
abstract, not ont ext ual nature. We then juxtapose, in

factors that, according to TAR, determine the adaptive capacity ohsegiccommunities,

namely: information and skills; economic wealth; social and physical infrastructure; technology;
equity; and institution§lPCC, 2001k Through this juxtaposition, we are able to establish the
links between the iterative steps of adaptation and the factodapfive capacity.

This review facilitated the deduction of the main areas of focus in the current research on
adaptatiori a total of eight that are listed in the third column of Tal28. They are grouped to
correspond to the iterative steps andhflactors that impact adaptive capacity. These eight
areas of focus are described in detail in T&xe
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Others (2%)———

Monitoring and evaluation (4%)

Governance and social learning (36%)

Post-disaster response (7%)

Planning knowledge (7%)

————Adaptation technologies (5%)

—Risk assessments (15%)

Alleviation strategies (16%)

Socio-economic vulnerabilities (8%)

Figure 2.3. The distribution of the climate change adaptation articles included in this study, over
the eight areas of focus

Table2.3. The conceptual framework showing the eight areas of focus for climate change

adaptation in the urban planning and design literature

The iterative steps of climate
change adaptation strategies
(after the Klein, et al., 2001)

Thefactorsthat influence the
adaptive capacity
(after the IPCC, 2001b)

Thededucted eight areas of foonfs
climate change adaptation in the urb
planning and design articles

1. Information development ani
awareness raising

1. Information and skills
2. Economic wealth
3-a. Social infrastructure

i) Risk assessments
i) Socio-economic vulnerability

3-b. Physical infrastructure
4. Technology

2. Planning and design
5. Equity

iii) Planning knowledge

iv) Postdisaster response
v) Alleviation strategies

vi) Adaptation technologies

3.Implementation
4. Monitoring and evaluation

6. Institutions

vii) Governance and socibdarning
viii) Monitoring and evaluation

To shed further light on these climate adaptation articles, Pabl@ its four parts: a, b, ¢, and
d, builds on the classifications in Tald® and maps the research methods adopted in the
empirical studies that led to these articles. Tablealso lists the hazards that these articles
identified and their primary sources of literature. Furthermore, it groups these findings under

eachoneofth deduct ed
(2001) four steps.

ei ght
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Tables2.4 (a, b, ¢, andd). The eight areas aflimate change adaptation, their associated research mettieglbazards dealt with, and
the articlesd pri ndrays ssdurecde sacocforldiitnegr atourkd ei n et al . 6s (200!

Table2.4-a Step 1. Information development and awareness

1. Information development & awareness raising

e O.f Description Research methods Hazards Sources
adaptation
(De Sherbinin, Schiller, &
1) Different modeling, simulation, visualization framework t GIS analysis . Pul§|_pher, 200;7Fed_e_sk| &
. oo Land use modelling and Heat stress Gwilliam, 2007 Greiving,
Risk assess climatic risks . . .
assessments simulation Floods Fleischhauer, &
2) Land use, settlement patterns and buildings, and popule Indg:aﬁprbased gurrllcanle§ hucl;elnko&erl,EZOOﬁgndéey,
distribution in disaster prone areas modeting calevelinse andiey, vicevoy, Fee
' Literature review Theuray, 2007McGranahan,

Balk, & Anderson, 200y

1) Economic and social vulnerabilities ensuing from climate

change
Literature review (Awuor, Orindi, & Adwera,
2) Urban poverty, economic loss, and international and loc Integrated assessment Sealevel rise 2008 Ayers, 2009 Black,
Sociceconomic funding strategies viavis vulnerabilities models (e.g., the Climat« Floods Kniveton, & Schmidt
vulnerabilities Framework for Storms Verkerk, 2011 Hardoy &
3) The costs of adaptation, migration, and vulnerable Uncertainty, Negotiation Coastal erosion Pandiella, 2009Narita, Tol,
communities and Distribution) & Anthoff, 2010

4) Disaster prnearedness and pedisaster response
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Table2.4-b Step 2: Physical planning and design

2. Planning and design

Areas of

: Description Research methods Hazards Sources
adaptation
1) The gaps between urban planning and climate change
research (Comfort, 2006 Davoudi, et
Planning Literature review All climate change al., 2012 de Wilde &
knowledge 2) Theoretical and methodological frameworks for climate impacts Coley, 2012Kates, Travis,

change adaptation andimitigation; scales of adaptation
planning; involving different stakeholders

& Wilbanks, 2012

Postdisaster

1) Postdisaster financing and planning management;
reconstruction and rebuilding; temporary housing; local
government and the implementation of safety regulations

2) Integrated risk reduction approaches. Parallels betwee

Evaluation of
policies/strategies for

Hurricanes

(Bahrainy, 2003Chamlee
wright & Storr, 2009
Hardoy & Pandiella, 2009

responses gisstgnua:gg?ﬁgzr;iigd development planning; translating disaster management  Floods Olshansky, Johnson, &
' Topping, 2006 Talen, 2008
3) Resilience strategies Waugh & Smith, 2006
1) Urban planning and design strategies to alleviate clime
impacts GIS (S. D. Brody, Zahran,
Case studv analvsis Grover, & Vedlitz, 2008H.
I 2) Management of coastal zones; spatial distributions in e stdy Y Floods Campbell, 2006Greiving
Alleviation . Reviewing regulatory . X )
strateqies di saster prone areas accol rovisions and plannin Sea level rise & Fleischhauer, 2012
9 exposure, and vulnerability gfforts P 9 Howe & White, 2004 Sohn,
Literature review 2006 White & Alarcon,
3) Surface water, laghuse, land cover, and building 2009
structures and materials
1) Technological solutions; infrastructure (Ashley et al., 2007
2) Urban drainage systems; storm water runoff managen Case study analysis ?Zﬁz ?ng Iiz?nudrr?])ngZG(l)soolny
Adapiation flood reduction Literature review Floods ! ,

technologies

3) Capacity of street detention storage; building downspo
versus surface runoff.

Simulation and
modelling

Overheating

Gupta & Gregg, 2012
Lomas & Giridharan, 2012
Waters, Watt, Marsalek, &
Anderson, 2008
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Table2.4-c Step 3: Implementation

3. Implementation
iz O.f Description Research methods Hazards Sources
adaptation
1) Governance and social learning tools; commubéged (Burch, Schroeder, Rayner,
adaptation. Qualitative: & Wilson, 2013 Mukheibir
Participatory methods  All hazards & Ziervogel, 2007 Quay,

Governance anc
social learning

2) Social learning forms: conceptual mapping of disasters

through listing and ranking.

Interviews
Discourse analysis

(primarily flood)

201Q Shackley &
Deanwood, 2002Tacoli,
2009

3) Social learning outcomes: local adaptation knowledge;
alternative adaptation strategies; and social or technical s Quantitative:

(Albert, Zimmermann,
Knieling, & von Haaren,

9 Multi-criteria analysis { All hazards 2012 Amundsen, Berglund,
4) Community resilience, disaster managet@ptions, and  { Questionnaires & Westskogd, 2010David
communityinstitutions collaboration 1 Interviews R Godschalk, Brody, &
Burby, 2003
Mixed-method:
) (Albert, et al., 2012
3 gbservartlon 1 All hazards Bedsworth & Hanak, 2010
ocus group Porter & Demeritt, 2012
1 Interviews
Table2.4-d Step 4: Monitoring and evaluation
4. Monitoring and evaluation
AR qf Description Research methods Hazards Sources
adaptation
1) Insights on existing strategies Content analysis of (E(izr;\;vggc\;tleet ZIG%?JLZF:
Monitoring and documents Floods y an,

evaluation

2) Assessment and evaluation of existing adaptation actio Reviews of local policies Sealevel rise

and policies

and strategies

2008 Solecki, 2012
Vellinga, Marinova, & Van
Loon-Steensma, 2009
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Furthermore, the findings reveal a dearth of empirical studies that address the neighbourhood and
district scale of the urban fabric. Tald® classifiegthe 154 (excluding three other articles)

according to four scales: the scale of the individual building; the scale of the neighbourhood and
district; the scale ranging from multiple neighbourhoods to the city; and lastly, the regional scale
and beyond, idading the territorial geographic and infrastructural networks. Tableeveals

that most of the urban planning and design research on climate change adaptation had mostly
addressed the larger scales of multiple neighbourhoods, the city, the regibeyand. For

example, 30 of the 37 articles on information development and awareness focused on the scale of
multiple neighbourhoods, the city, the region, and beyond. Likewise, 39 of the 54 articles on
physical planning and design have underscored thasessi that most either addressed urban

form through spatial planning tools such as land use Hiogl@and spatial risk assessment
frameworkg(Lindley, et al., 2007Mandarano, 20LMuller & Yin, 2010), oraddressed

adaptation technologies like drainage systéfshley, et al., 2007 Eight of these 54 articles on
physical planning and design addressed climate change adagstati@gies at the scale of an
individual building, with a particular focus on architectural and engineering details of a specific
project, including risk assessméBeizaee, Lomas, & Firth, 201Bluijbregts, Kramer, Martens,

Van Schijndel, & Schellen, 201Rlik, Sasic Kalagasidis, & Kjellstrom, 20}1,2yreen and

resilient building practiceGupta & Gregg, 203,2Pyke, McMahon, Larsen, Rajkovich, &

Rohloff, 2013, andenergy use and thermal comf¢@uan, 201p

Only seven articles of the 54 on physical planning and design addressed the neighbourhood and
district scalge.g.,Chamleewright & Storr, 2009 Lewis & Kelman, 2009Neville & Coats,

2009. Likewise, at this same scale, only five of the 37 articles on informationageneht and
awareness addresseilience and risk assessmef8sD. Brody, Gunn, Peacock, & Highfield,

2011 Van Zandt et al., 2032These findings offer a clear indication of the need for &urth

empirical and theoretical studies on climate change adaptation at the neighbourhood and district
scales.

Table2.5 Distribution of climate change adaptation articles over various planning scales

Thesteps of adaptation based on Klein et Regional More than one  Neighbourhood Building

al.(2001) scale and  neighbourhood and district scale
beyond to the city scale scale

1. Information development and awareness

(n=37) 54% 49% 14% 11%

2. Physical planning and design

(n=54) 35% 41% 13% 15%

3. Implementation

(n=57) 54% 44% 18% 0%

4. Monitoring and evaluation

(n=6) 83% 17% 0% 0%
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26 Climate change resources: toward developing links

It is imperative for urban planning and design to cross the disciplinarily boundaries into the well
established climate change figld task that requires the sharing of knowledge and resources

and the adaptation of shared knowledge. If anything, ackdgivg and citing climate change

literature represent only one aspect of a genuine attempt to link the urban planning and design
discipline to the climate change one. While the climate change literature is essentially not based

in the urban planning discipk, it nevertheless includes several aspects that are relevant to urban

pl anning and desi gn, (2000 addptateors pla”ng fermzasteidgtuge et a l
and Zahran ed | (2@08 planning model for quantitative analysispmpulation distribution and

density in disasteprone areas. Therefore, this study includes the extent to which the urban

planning and design literature has cited the climate change literature.

This part of the analysis also investigated trends. The-aitesl climate change articles in the
urban planning and design literature were those that discussed the definition and evaluation of
adaptation and the interrelationships between the different concepts of adaptation and their
applicationgsuch asW.N. Adger, Arnell, & Tompkins, 200Pessai, Lu, & Risbey, 2005

Fussel, 200;/Barry Smit, Burton, Klein, & Wandel, 2008. Smit & Wandel, 2006

Additionally, the findings, as summarized in TaBlé, reveal that the information development
and awareness articles in the urban planning and design literatnessed the highest

frequency of citing climate change literature. Interestingly, the physical planning and design
witnessed the least instances of citation of the climate change literature. These findings are in
line with other findings from studies, suahs R o0 g g e (2812,evho obskrved & lack of
genuine attempts in the urban planning and desigoiasiip to cross the borders of other
scientific areas particularly, climate change adaptation.

Table2.6 The average number of climate change articles cited in each planning article

The steps of adaptation The average number of climate change articles
that are cited by urban planning design articles

1. Information development and awareness raising 3.76

2. Physical planning and design 1.63

3. Implementation 2.70

4. Monitoring and evaluation 1.67

2.7 Potential research limitations

This paper aims to present a statehe-art of adaptation researah planning discourse and to
facilitate developingheoretical and empirical links between urban planningd@signandthe
science of climate changearticularly adaptation. The goal is to identify future trajectories of
planning and design scholarship; however, the methodology used here to select journals and
articles,reduce and fiortenthem still encounteed several challenges and yielded some
shortcomings that, hopefully, will be addressed in subsequent studies. First, considering only
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planning and design journals may exclude relevant articles that are also available in venues other
than the urban plannirand urban design disciplines. For example, Climate Policy and Local
Environment represent two of the renowned journals for climate change research and both have
hosted planning related articlies years(seeBetsill, 2002 Schmidt, Helme, Lee, & Houdashelt,

2008 E. Wilson, 200%.

Second, ranking systems or impact factors often prioritize journals that publish articles of

diversified issues across the world, not those that only focus on issues of a particular area or

region. Considering top ranked journals (both groups A and B) may exclude such scholarship
available in geographically specific journals dealing with regional and local planning agendas.

For exampl e, H2012Rtady onrcgastal selamendsichalienged byleses rise

in a Caribbean city 4d200hsPudRobinnamaanaéan muBGo
response to reduce greenhouse gases are two excellent studies that are av@aaibleaan

Journal of Earth Sciencandin Canadian Journabf Urban Researchespectively two
geographicallyspecific journals.

Third, this studyo0s-remevedjaurtaddrticlesynlycGomsequedity,ras p e e
number of reports likeJN-H a b i (2@l1) Glsbal Report on Human Settlemeatsl several
bookslikeHar r i et (BO13 Gitied ardyChnsate Change, Critical Introductions to

Urbanismand the Cityboth of which highlight several planning and design agendas to facilitate
climate change mitigation and/or adaptation have been excluded from this study. Nevertheless,

this paper assumes that peeviewed articles represent the highest lefelrbanplanningand

design scholarship contributed mostly by planning scholars. That ishehgeéthodology for

this paper focused on theading peereviewed planningournals

In order to overcome these three challenges and the ensuing shortcanfingse study would,
instead of commencing with the highly ranked urban planning and design journalshérack
venues that urban planning and desigholarause to disseminate their research on climate
change. Such a study wouwddalyze the relationship between these various venues and the
mainstream urban planning venues, their rankings, and their impact f&tohsagpaper would
also compare the numbers of citations for the journal articles and compare these numbers to
articles on climate change that have been published in the mainstream urban planning

2.8 Conclusion and research agendas

Until the middle of the last decade, the planning and design literature rarely addressed

adaptation, as Pizarro et 2006 noticed. Confirming their findings, this paper identifies 2006

07 as a turning point, after which climate change studies not only increased consistently but also
became more prevalent in the literature (Figu2y. The increased number of climatic exteem
events and their severity, particularly in th
significantly raised awareness among the planning scholars toward climate change adaptation
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(for exampleCampanella, 20Q6Neville & Coats, 2009Thompson, 201P This review,
however, reveals that much of the planning literature addressed climate change mitigatjon
decreasing greenhouse gas emissioas opposedtadaptation i.e., adjusting to climate
change.

Furthermore, this paper notices that climate change adaptation studies in the planning literature
follow two trends. Firstly, most focus on policieslbeit in various formisby typically

concluding with different sets of normative policy guidelines, dhweveral matrices to

measure and/or to clarify the climate change vulnerability in a given coAteatresult,

adaptation studies in planning discourse hardly include adaptation actions. Bewangd et al . G
(2011 review also reveals that overall adaptation research focuses mdmmate change risk

and vulnerability assessmeatiaptive capacity, and/or conceptual approaches, notamadion
actions.Similar tothe mainstream climate change adaptation research, urban planning and

design studies underscore local and regional governing systemsesonmmic vulnerabilities,

and social awareness, together with learning to adapt tmahdisasters at various scales (Figure

2.3). Secondly, while the planning literature investigates various aspects of planning and design
interventions related to adaptation, including transportation, infrastructure, and land use, the

physical planning anthe design of built environments are less covered. In particular, there is a

dearth of climate change adaptation studies that address urban design at the neighbourhood or

di strict scales. Thi s rdcentrepornwhichlse lasrevealedtime wi t h
adaptation knowledge v Vis urban areas remains inadequ&evi, et al., 2011 In general,

adaptation scholarship frequenplyioritizes locallybased actions, and thus pldzssed planning

is often recommended feuccessful adaptatiqgiMeasham, et al., 2011Such adaptation

planning requires specific and implementable guidelinagdaptation actions for designers,

planners, and policy makers to apply them at the legal. One such précal initiative, for

examplej s Rotterdambés Sust ai nabiakeilnttigtive@Gteadde 2010 |
2014). This Guide includeseveral planning strategies for implementing climate change

adaptation actions at local level, such as traffic management during evacuations, room for

innovative water storage, and the use of green infrastructure.

Clearly, the discourse on climate chamglaptation in the planning literature is more recent than
that on mitigation; hence, it remains insufficient, particularly with respect to physical planning
and urban design at the neighbourhood scale. Specifically, the analysis presented here leads to
the identification of four gaps, together with the reasons behind them and the opportunities that
they present for future research. These gaps pertain to the lack of interdisciplinary linkages, the
absence of knowledge transfer, the presence of scale toaflicthe dearth of research

methods.

To begin with, the lack of interdisciplinary linkagesonceptual and empiricalvarrants
innovative attempts to establish connections between the two fields, urban planning and design
and climate change adaptati®@uch links have been successfully established with regards to the
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underlying principles of climate change mitigation (as recommended by the Kyoto Protocol and
Agenda 21pandsustainable developmet number of contemporary planning approaches (e.g.,
new ubanism) for sustainable development aim to reduce the ecological footprint, encourage
mass transit, promote carbon neutral environment, and eventually, facilitate the reduction of
GHG emissions, hence, contribute to climate change mitigéBierke & Conroy, 2000 Along

this line, Tang et a(2010, p. 42also added thaurisdictionsfor most local climatic actions

ex hiabisterfi ous consideration and commitment o0
Consequently,tadies that operationaliziifferent approaches of sustainable development and
local climate actionabound in the planing literature and explain the surge in mitigation studies
(Figure2.2). For successful adaptation, approaches that integrate mitigatiosed action plans

and adaptatiofiocused ones are highly recommended rather than-atand plandecause of
reducing the possible chance of maladaptation. Thus, local adaptation action plans could be a
part of a comprehensive plan, such as a watershed or a transportation plan. Similar integrations
have yet to be explored with regards to climate change adapta#mailels certainly exist

between, on the one hand, urban planning and design concepts, such as urban green
infrastructure and ecological design that enhance the resilience of urban areas and, on the other
hand, the adaptation strategies found more tgcenthe climate change literaturéhe concept

of resilience, long been discussed in saxology, has emerged relatively recently in the

planning discourse, but holds an enormous potential to link the planning scholarship and climate
change adaptatiaipavoudi, Brooks, & Mehmood, 201Bavoudi, et al., 2002 The IPCC

strongly advocates for ecosystdrased adaptations that rely on ecology and ecosystem services
inorderb i ncr e a sresiliencesanaeping ahibtys(i.e., its adaptive capacity) and thus
function as longerm, noeregret, and proactive adaptations. Herein lies the opportunity for urban
planning and design to identify the conceptual, empirical, arddipabsimilarities with notions

such as ecosystebased adaptations.

Secondly, the knowledge transfer gap is attributed to the dearth of climate change information at
the community scale. Clearly, how climate change knowledge can be transferred through
planning and design is more important than how planning knowledge is used by climate change
science. It is essential to acknowledge that a knowledge transfer gap certainly exists: for
instance, climatic models and projections are very complex and raftimiltio decipher. Thus,

urban planners could potentially work collaboratively with climate change experts to convert
projections and data into uskeirendly media for planners and other end users. Yet, the point
raised by Pizarro, et gR006 about ten years ago, still needs to be addressed: that is, planning
holds the potential to reconcile the current format and scales (typically global) of climate change
information and projections with a format more suitable for other sectors, includhag ur

planning and design. Hunt and Watk{2611) observed that information about the impacts of
extreme climatic events on cities and on the resulting uncertainty remausslaibie. Such
uncertainty amplifies the risk of confusion between (past) evidence and (future) climatic
projections for complex urban environmef(itiallegatte, 200P These information limitations

restrict adaptation research in advancing from merely addressing isolated aspects to tackling the
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multiplicity and complexity of bigphysical interactions within urban are¥¢ith the absence of

such precise information, mitigation actions can be possildgggd at the local level through

the universal planning models, such as compact urban form and TODs, one objective of which is
to reduce GHG emissions. In fact, that is probably the reason why planners have primarily
contributed to mitigation (more so thadaptation). In contrasiimate scientists argrimarily
advocating adaptatian relation to the natural systems. Additionally, local climate and the
characteristics of a local system influence adaptation actions that may vary spatially. So the
availablity and accessibility of climatic data for a particular area could make a significant
difference in the approach and nature of adaptation action plans recommended for that particular
area. Thus, along with the | P Oldostive reseascmme nd a't
and multidisciplinary approaches to advance adaptation research that will combine scientific
evidence of climate change and husmatural systems of climate change, and that will address

the gaps existing not only in the planningiéture (i.e., limited adaptation efforts), but also, in

the climate change one (i.e., inadequate adaptation actions).

Thirdly, a scale conflict exists between the outputs provided by adaptation research (i.e., policy
based normative adaptation strateyji@hich generally occurs at the regional scale, and the

inputs that a municipality requires for implementing adaptation planning at the local scale. This
conflict is attributed to how adaptation decisions have been made, and also, by whom. Most
recommendtions and polices for climate change adaptation are to be implemented at the
municipal scale, but a highéevel of governance (e.g., at the national scale) plays a key role in
such adaptation decisianaking(Ford, et al., 201)1 This current paper also finds that most
adaptation recommendations include governance as well as institutional policies and mechanisms
for community awarenesshile overlooking adaptation actions through physical planning and
urban design at the local scale. Perhaps that is why most European municipalities remain unable
to approve adaptation plafReckien, et al., 2034

Lastly, the dearth of research methods generates the fourth gap. Context is key for adaptation,
hence, adaptation studies consistently recommend cesgegific, participatoryand
communitybased tools for assessing vulnerability and identifying adaptation options.
Nevertheless, many documented efforts on adaptation interventions in the planning literature
maintain a topdown approaciiDavoudi, et al., 2012 More specifically, this paper reveals
limitations in the participatory component of adaptation in the planning literatutieujpsty

with regard to the choice of stakeholders engaged in the planning processes. Participants are
often limited to government bodies and institutional partners, while excluding other vulnerable
stakeholder group®.g.,Mukheibir & Ziervogel, 2007Shackley & Deanwood, 2092n

addition, a very small number of planning studies involve participatory methods that seek to
identify and acknowledge indigenous adaptaapproaches in the planning process.
Accordingly, there is an opportunity to identify and integrate indigenous adaptation actions
through planning poliesand implementations, particularly through green infrastructure at the
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local scale, by buildingo8 t e i (2044 suggestion to use case study analySaxe altering
human behaviour could potentially facilitate climate change mitigatidBray et al.(2012)
examined, altering human actions toward increasing resilience and long term coping ability
rather than resisting climatic risks could actually ftatié developing local adaptation plans.

Collectively, these gaps not only inhibit planners from establishing links between urban planning
and climate change adaptation but also hinder the implementation of adaptation planning at the
local scale. Codlboration, then, becomes essential for bridging the gaps between adaptation
policies that are nestructural and those (i.e., structural/physical interventions) thatnécipal
institution requiresln order to address this shortcoming and also to exgieraforementioned
potentials identified in the four gaps, the following research questions have emerged for future
studies:

A How can climate change projection/information be better interpreted at the
neighbarrhood scale? And how may collaborative researabng researchers from
different fields achieve this?

A How can the participatory approaches of urban planning relate to the comivasety
approaches that are currently used in climate change adaptation research? How can each
of these approaches bendfidm the other?

A How can planners operationalize normative,-stnctural (norphysical) adaptation
studies through implementable interventions in areas that are vulnerable to climate
change?

A Once implemented, how can urban planning and design develihyods to assess the
progress (i.e., adaptive capacity and/or resilience) of the adaptation measures and
interventions in any particular urban system?

These questions highlight the necessity to investigate potential connections between cross
cutting themes and scales not just for advancing adaptation research, but also, for complementing
sustainable development while simultaneously balancing adaptation and mitigation. Although the
urban planning and design scholars are increasingly aware of cthatge adaptation, further
integration of this topic is needed in the urban planning and design disciplines, given that the
challenges of climate change on urban environments areagimkinsional, multdisciplinary,

and multiscale While establishing th connections between the themes, a priority should also be
set for implementing adaptations (i.e., adaptation actions) that are integrated with local
development plans (including sustainable development plan for a commuiheygfore, the

planning liteature must exploit all opportunities to address these challenges.
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Abstract

This paperndentifiesthe conceptuatimilaritiesbetweerecologicaldesignsandecosysterbased
adaptationso climatechangeTheformerincludesapproachegroundedn expertknowledge,
suchaslandscapecologicalurbanismwhile thelatteris rootedin local experientiaknowledge
andrelieson communitybasedadaptationsThis paperbridgestheseexpertandexperiential
knowledgeformsthroughatransactivegplanningmodelby deployingdesigncharrettesn the
contextof Negril, JamaicaThefindingsrevealthatlocal peopleareawareof ecosystemand
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3.1 Introduction

Global sea levels are expected to rise between 0.45 m to 0.82 m by the end of théirstenty
century(Field et al., 201% Even with a minimal sekevel rise of 0.5 m, up to 38% of existing
beach areas will be lost in the Caribbean region glelmaura et al., 200¥, hence, placing

coastal settlements, livelihoods, and entire ecosystems at risk. Adaptations to these impacts occur
at different spaal and temporal scales that range: from khamdineered solutions to soft
ecologicallybased ones; from tegiown scientific models to bottownnp approaches involving
community participation; and from sheto longterm interventions. Largscale hard

interventions have been especially criticized for having indelible impacts on environments and
ecosystems that would further reduce the resilience of coastal communities to climate change
(Mycoo & Chadwick, 201p In contrast, ecosystebased adaptation (EbA), increasingly

favoured as providing Ror low-regret adaptation options, capitalizes on natural resources to
increase th resilience of human communities in adapting to climate change and simultaneously,
advocates the sustainable delivery of ecosystdated service@Chatenoux &WVolf, 2013. The

links between EbA and urban design and planning, however, have been rare if not absent
altogether notwithstanding the fact that all the urban design projects that adopt an ecological
design approach share similar themes with EbA. Toergethis paper explores the potential

links between EbA and ecological design, particularly through landscape urbanism, which is a
notion that considers landscape and green spaces as the fundamental units of (urban) design.

Accordingly, this paper ideifies the conceptual links between landscape urbanism and EbA,

namely, how they similarly advocate reversibility, biodegradability, and sensitivity to the

environment and ecosystenhs.recent years, the landscapbanism discourseas paid more

attentionto the challenges posed by climate change and to the possible adaptation strategies
through ecologically sensitive design. For ex
at the Museum of Modern Art (MoMA) displayed design proposals by fivetectiral teams

who partook in an architeeis-residence program at P.S.1 Contemporary Art CéheMA,

2015. In particular, proposals, such as oystaturé, address setevel rise, pollution, and the

degraded coast al habitat along New Yorkds and
infrastructure that prioritizes the ecologwan approach that is similar to EbA. Likewise, a multi
stage regional designcompg i t i on, ARebuil d by Designodo, whioc

Housing and Urban Development (HUB9tween 2013 and 20khdfunded by Rockfeller
Foundation, addressed resilience for the regions affected by hurricane(Batly2015. The
competition underscored five aspects, namely: resilience, climate change, ecosystems, the
transformation of cities, and securing livelihoods. The winning proposalshy Big U, OMA,

and SCAPE, encompassed several ecological design strategies, including integrating berms and

“ Oystertecture, a proposal lgate Orff (a landscape architect at SCAP&Eknowledges the complex biochemical

and ecological process within urban ground around Brooklyn's Red Hook and Gowanus Canal. The project aims to
nurture an oyster cultarto deal with the issues of water quality, rising tides, and commba#tgd development

(see TED, 2010
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mashes to protect ocean surges, reef stiastdreakwaters to build ecological resilience, and

improving greennfrastructureaneasures to reducisks from flash flood¢Rebuild by Design,

2019. Interestingly, the operational guidelines of ElmAf t en r ef er t o fAsofto a
overlook the literature on urban design, landscape design, landscape ecological design, and urban
planning. These guidelines do, however, emphasize public participation akin to the urban

planning literature especially that most EbA projects entail contyrbased adaptation (CBA)

T a process that capitalizes on the experiential knowledge of local communities in adapting to

climate change. In contrast, the landscape urbanism literature remains mostly grounded in the

expert knowledge of landscape architestd has yet to consider public participation that had

been established in the urban planning literature since the 1960s.

This article buildson Friedmads t ransactive planning model to
framework that combines the experiential Whedge from CBA and EbA, the expert knowledge

from landscape ecological urbanism, and the participatory methods of urban planning in order to
address climate change adaptation in vulnerable coastal communities. The proposed approach
deploys the design chatte, a participatory tool, to operationalize this framework in Negril,

Jamaica, a coastal area vulnerable teleeal rise. In exploring these mulisciplinary

theoretical and empirical links between EbA, CBA, landscape ecological urbanism, and urban

pl anning, this st udy(2019iedomirsendation fér the dbelopmerkof St e i
an integrated approach to address climate change adaptation through design. In partcular, thi
study addr g20Meps30gftueist e oims fAhow can concepts s
green infrastructure be advanced [to] design

The next sections introduce how CBA and EbA underscore tenets such as community
participation, integrationfdocal knowledge, and capitalization of ecosysténenets that are

then juxtaposed against the discourse on public participation in the urban planning and design
literature. A discussion highlighting the links between CBA and EbA on the one hand, and
ewmlogical design and landscape urbanism on the other hand, is followed by the theoretical and
met hodol ogi cal frameworks. This article then
concluding remarks.

3.2 Community-based and Ecosysterbased Adaptaton

3.2.1 Communitybased Adaptation (CBA)

Communitybased adaptation (CBA) is an approach based on human rights and represents a new
field in development and cl i mat eledpioeess,gasedst ud i
on communi tsi,esi@ eprsi, okintoiwe edge, and capacities
people to plan for and cop@eidetd. 2009, p.43CBANpact s
involves governance, power structures, changes, and uncentaiileysimultaneously
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considering issues of poverty, vulnerability, and the inequitable distribution of and access to
resources. Two key factors dominate CB#ocomprises a community, ameherethis

community is(Reid & Schipper, 204 Who refers b anyone or any group of individuals

affected by the impacts of climate change and, hence, is working with or without external
interventions to cope with these impacts. Asdlace it s0 scope determines
community and the extentofthiscomm ni t yds vul nerability. CBA al
priorities by relying on communitpased and bottomp tools. For example, the community

based vulnerability assessment (CBVA) developed by Smit and W@t deploys the tools

of CBA to identify and document the conditions and risks of communities, and any challenges
related to adaptation approaches.

Emerging empirical research on CBA underscores aspects, including sedil aad rising

social awareneg¥. M. Allen, 2006 Plush, 2009 livelihood optiondRashid & Khan, 2013

Wang, Brown, & Agrawal, 200)3and agriculture and food secur{Bradshaw, Dolan, & Smit,

20049). Although the Intergovernmental Panel on Climate ChaifeC) (2014 touts the

benefits of deploying CBA for urban development and disaster risk reduction, especially in small
islands, thudar the empirical studies based in CBA exclude ecological design and the planning

of built environments from their debates. Several CBA studies simply allude to the incorporation

of this approach in the design of human settlements. For example, Mosér and(E)61)s

study in Kenya and Nicaragua engaged local stakeholders through urban participatory climate
chang adaptation appraisals. These appraisals differentiated betweebasszbtulnerability

and the identification of operational adaptation strategies. In doing so, this study deployed

several datazollection tools, including a transect walk, focus groapsl participatory mapping.
Similarly, Gai((200%study intcodwted Meedinecdsamal participatory

mapping, using physical models to assess a co
CBVA through developing visual tools. One of the few studies delving into the planning and

design of built environments that are adaptivetodlimma c hange i1 01B.dhisr on et
studymodeled, visualized, and then evaluated potential flood impacts and adaptation options for

the communityoDel ta i n Vancouver odssdatclhpbéamaonr datta
packageso, whi <ahdthreadmerisisnal gishalizafionstfovdifferent

hydrological scenarios that presentld existing dike infrastructure breaching due toleeal

rise and storm surges well aguture adaptation strategies. Using qualitative and quantitative
indicators this study asked citizen groups to assess the performance, policy implications, and

social acceptability of the proposed stratedigesron, et al., 2002 This study commendably

incorporated CBA and public participation, but it overlooked the potential benefits of

incorporating the ecosystem in the proposed strategies as they are laid out in ecbagstem

adaptation (EbA) and/oniecological design approaches.
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3.2.2 Ecosystenbased Adaptation (EbA)

The Secretariat of the Convention on Biological Diver&309d ef i nes EbA as @At he
sustainable use of biodiversity and ecosystem services into an overall adaptation strategy [that]

can be coseffective and generate social, economic and culturdlecefits and contribute to the
conservation of biodiversityo. EbA research a
through coastal vegetation maintenance and/or restoratsustinable management of wetland
floodplains, iii) natural conservation and restoration of vegetation and forests, and/or iv) healthy

and diverse agrforestry system@Munroe et al., 2011 EbA ensures participatory decision

making and flexible management at multiple geographical scales and combines the best available
science and local experiential knowledge of C@#drade et al., 20)1Perhaps that is why

over 60% of EbA pra@cts employ CBA initiativeéDoswald, et al., 2004 Figure3.1

summarizes the relationship between the different components of CBA and EbA. Like CBA,

EDbA is a relatively new concept, spearhealg@nvironmental and biological conservation

experts who embrace multidisciplinary, participatory, and culturally appropriate approaches
(Andrade, et al., 20)1Furthermore, EbA and CBA seem to be complementary: while EbA
underscores reversiity and biodegradability simultaneously with increasing the resilience of
ecosystems and humans, CBA identifies people and communities at risk and empowers them to
take part in decisiomaking(Girot, Ehrhart, & Oglethorpe, 20L2Thus, EbA projects rely on

local communities and ecosystems, and rank-teng, lowcost, and ngegret adaptation

interventions. For example, an EbA project financed by the German Ministry for Economic
Cooperation and Development proposed multidistgulf and contexspecific ecosysterbased
approaches in the Caribbean regi@hatenoux & Wolf, 2018t hat are i n | ine wi'-t
(2014 recommendations for small islands.

Science
(Ecology)

Vulnerable
communities

Traditional
adaptation
knowledge

Bio-degradibility
and reversibility

Public
participation

Environmental
sustainabili

of local people

Figure 3.1. The relationship between CBA and EbA

Surely, EbA stands in stark contrashrd engineerinfgpased interventions that bear immediate

and tangible outcomes, and which vary depending on the scale of the interventions. For example,
largescale interventions often involve irreversible engineered structures as protective measures
thatprevent nature from taking its course, such as seawalls, breakwaters, and concrete groynes.
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Typically, these interventions entail a tdpwn decisiorma ki ng process as oppo

inclusive and participatory one. Largeale projects usually involvariyescale national and
international contractors and/or foreign international donors, hence, rarely acknowledge local
participation, let alone local technologies or skiéisner, Blakie, Cannon, & Davis, 2004
Accordingly, they bear lorterm impacts on ecosystems and on sustainable develof@&msott

et al., 2012Mycoo & Chadwick, 201 Conversely, smakcale hard engineered interventions,
including gabion basketsoi nailing, ripraps, and surfaces covered with rocks or concrete
blocks, are considered reversible. These satale interventions can be developed locally,
permit natural ecosystem functions, and hold the potential to incorporate EbA approaches and
thusmay balance human and natural systems.

Moreover,EbA seemgo paralleltheapproachesf ecologicalplanninganddesignadvocatedy
McHarg (1969 andAlexander(2002, which underscoedtheinterconnectiorbetweemature,
humanmadeinterventionsandhumanbeings.Certainly,the notionsof designingn harmony
arenot new, andhistorically, humanshaveattemptedo respondo environmentathanges
throughthe built environmentDesignideas suchasecologicalfit (Ndubisi,1997), goingwith
thenaturalflow andmorefrom less(Ellin, 2013, fluid exchange®etweerthe humanmadeand
naturalinterventiongWaldheim,20063g, arebut a few exampleghathighlightthis
interconnectionThesenotionsdeployecologicalstandard$o assesshe degreeof interweaving
amongenvironmentalcultural,andbuilt systemsin particular,landscapeairbanismthat
combinesecologicalandlandscaedesign (Waldheim,20061) integratedM ¢ H a recpldgcal
advocacyandCor n eurbarnslesignvision (Steiner,2011). Insteadof focusingon urbanform
andfunction,landscapeirbanismunderscorethe ecologicalprocesf landscapandgreen
spacesasfundamentatity developmenblocksthataccommodatéabitats programsand
circulationbothtemporallyandspatially(Waldheim,20063. Moreover,by advocating
indeterminismandflexibility, landscap urbanismactuallyaddresseancertaintywhether
climatic or non-climatic. This operendedplanninganddesignis alsoknownasthe generative
procesgHakim, 2007 thatincorporateshe currentneedswhile accommodatinduture changes
anduncertainty Clearly,the generativgrocesof landscapeairbanismsignalstheoreticalinks to
EbA althoughecologicaldesignandlandscapeirbanismhaveyetto directly acknowledje
climatechangeadaptationEbA, andCBA. Similarly, the climatechangditeratureon
adaptationEbA andCBA fails to establishanylinks to anydesigndisciplines.Lastly, and
notwithstandinghow landscapeirbanismeliminatestheisolationof the ecosgtemsirom the
humansystemsit alsooverlooksthe participatorycomponenbf design.
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3.3 Participatory Planning and Design

3.3.1 Public Participation

Thedebate®n participatoryplanningemergedn academiavritings in 1960samongvarious
reactionsagainstrationalcomprehensivelanningasanexpertbasedandgoalorientedapproach
(Filion, Shipley,& Te,2007). ForexampleD a v i d(d965(p6382) advocacyplanning
underscoredocialjusticewhereby,n abureaucraticsocietyii g r aaranustbetakenthat
choicesremainin theareaof publicviewandp a r t i ¢ Advadcyplarmingalsocontributed
to implementinghe principlesof socialjusticewhile challengirg neutralobjectivity in dealing
with socialproblems(Hudson,Galloway,& Kaufman,1979. In solvingsuchproblemsplanners
oftenrely on knowledgethroughconsistencyf observationlogic, andtheoreticakcoherence
(Friedmann1973 1993. JohnFriedmann(1973 consideredhep | a n prefessodal
knowledgeasfi p r o ¢ amsreferdioit ash e x [k @ o tw | eHd gnauldaneously
emphasizethefl p e r soofneax poe rkineonwt! i eédihg cerstituencieshatthe planners
servewherebysuchknowledgereflectsthesec o n s t | texperiancesfepmmldemsolving.
Accordingto Friedmannthe experientiaknowledgeis richerin contentthanthe expert
knowledgeasit reflectsthedaily life experienceghoughit is lesssystematizeénd
generalizabléhanthe expertknowledgeIn contrasto centerecandcomprehensivelanning,
Friedmann(1993 emphasizedontextspecificandsituationbasedolanningandthusproposed
transctiveplanningthatcombinedoththe expertandthe experientiaknowledge(Friedmann,
1973. This modelunderscorethe mutualbenefitsof informationexchangen termsof public
interest(Filion, etal., 2007 andis oftengroundedn directparticipation(Hudson1979).Indeed,
Fainstein(2012 assertshatgoodplanningshouldsimultaneouslervepublic interestsaandbe
guidedby experts.

Thereforethebridgingof thetwo typesof knowledgesurelyadvanceshe planningprocessand
increasedts probability of achievingits objectives.The designcharrettas oneof thetoolsfor
bridgingthe experientialandthe expertknowledge A participatorytool thatis borrowedfrom
thedesigndisciplines;the charretteholdsthe potentialto operationalizeéhe transactiveplanning
modelby providingavenuefor combiningthee x p eprotessibnaknowledgeandthel oc al s 6
experientiaknowledge.

3.3.2 Design Charrettes

Designcharretteconsistof intensiveandtime-constrainegarticipatorydesignactivities.
Designexpertstypically serveasfacilitatorsandwork with participantgepresentinghe various
subcommunitiesto collectively proposea vision for the communityat hand(Girling, 2006).
Designcharrettesinderscordoth processandoutcomehencejncorporatehreechronological
stagesideagenerationdecisionmaking,andproblemsolving (Sanoff,2000. Eachstage
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involvesa seriesof interactivediscussiongdialogue)anddesign(or drawing)activities.The
planninge x p eroletbecdmeghatofii s k icloluends eakin collal®rativeplanning,soas
to ensureghatthe processvorksii w i ratherthanf o thecommunitiegD. R. Godschalk&
Mills, 1966,p. 86).

Thereforethis studyconsiderghe designcharretteasa methodof communitybasedolanning
anddesignthatprovidesa commonplatformfor mediatingandnegotiatingoetweerF r i ed mann 0 s
(1993)experientialindexpertknowledge Furthermoreandakin to GodschalkandMi | (19566)
collaborativeplanning,the designcharretteempowerghelocal communitiego presentheir
needsgdiscusgheirinterestsandidentify their future choicesfor climatechangeadaptationThis
studymaintainghatthe designcharrettesimuladesandactualizegshefi mu tsalfalli s c oof er y 0
transactivegplanningthroughdialogueanddesignactivities,therebyexpandinganddiscovering
participantknowledge(Friedmann1973.

Many recommendliverseexpertiseandbackgroundsamongparticipantof environment
orientedcharrettesn particular,soasto ensureoutcomeshatbetteraddresgheinterdisciplinary
challengesat hand(Sutton& Kemp,2006. This approachresonategspeciallywith issues
relatedto climatechang adaptationFurthermorethroughempoweringcommunitiesthe
procesof mutualself-discoverycanbe associatedvith CBA andEDbA to assisttommunities
explorevariousadaptatiorstrategieandidentify preferredones Figure3.2 revealshow
participation thekey tenetof this processestablisheghe conceptualink betweerthedesign
charretteEbA, andCBA, andhow designcharrettesanperformasatool of transactive
planningvis-avis climatechangeadaptationThus,designcharrettesiold the potertial to
incorporateransactiveandcollaborativeplanning,andto integrateexpertknowledgeandlocal
experiencewhile maintainingthe significanceof thep | a n role.r s 6
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Figure 3.2 The desigrcharrette as a transactive model and its links to EbA and CBA

3.4 The Theoretical and Conceptual Frameworks

Ecologicaldesigntheoiesunderscorgheinterventionghatintegrateenvironmentahndhuman
systemsSuchintegrationtheoreticallypromotesenvironmentakustainabilitywhile
simultaneouslygnablinga system(primarily anenvironmentasystem)o copewith
environmentathangeanduncertainty Similarly, EbA combiresscienceandlocal experience
andincorporate®cologyandclimatechangeo identify local naturalspecieshumans
excluded thatcould potentiallyadaptto particularclimatic impactsof anygivenarea.Basedon
this scientificfoundation EbA prioritizessmaltscaleengineeringnterventionswvhile
simultaneoushadvocatingho-regretandreversiblestrategieshataresensibleo the
environmentandthatgenerateo-benefits While theseprinciplesarein line with ecological
designstrategiesincludinglandscapeirbanism EbA differs by incorporatingocal experience,
orFr i e d ni®98rexparientiaknowledge asanintegralcomponenbf humansystems.
Therefore EbA deploysCBA to identify local expertknowledgeandlocal experiential
knowledgethatcollectivelydemonstrategulnerabilities andstrengthsf local ecosystemss
well aslocal adaptatiorexperienceandpreferencesAccordingly, EbA representa departure
from landscapel r b a nrelianteS8adelyonwhatFriedmanndentifiedastherealmofe x per t s 0
knowledgé their opinionsand on sciencéto determinethe bestdesignoptions.Furthermore,
while landscapel r b a nintervergiengely on spatiallygroundeddesignse b A6 s
interventionscanbe framedmoreascoursesf actionthatcanpotentiallyintegratespatially
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groundeddesgns.Both approachesnderscoreimilar theoretical/conceptuglrinciplesand
strategiegor enhancingane n v i r o gability to topewith uncertainty.

Building onthesetheoreticalinks, this researchutilizes designcharrettesvith local expertsand
local communitiesasa spatially groundedapplicationof CBA. As a participatorytool thatoffers
aplatformfor dialogueanddebatethe designcharretteempowerdocal communitiedo voice
their opinionsandidentify their choiceg(Arnstein, 1969, andthuscomplieswith thekeytenets
of CBA. Simultaneouslythetool conformsto F r i e d rraneaecti®gslanningmodelby
providingavenuethatcombinesothexpertandexperientiaknowledge(Figure3.2).

Thenextsection discussesiow designcharrettesveredeployedn this researcho operationalize
thetransactivanodelwhile combiningEbA andCBA with ecologicaldesign.

3.5 The ResearchMethod

To integrateexpertandexperientiaknowledgewhile ensuringoublic participation this study
adopteda participatoryactionresearch{PAR) approachPAR ensuresctiveparticipationof the
studycommunitythroughoutheresearciprocessandto pursuesolutionsto concreteproblems
(Whyte, Greenwood& Lazes,199)). In doingso,this studyadoptedcasestudyresearctdesign
to investigatehelocalc o0 mmu nawarenessfdN e g rvulhedlslityto climatechangeand
theirknowledgeof adaptationA contemporarygasestudy,whereresearcherbavelittle control
overeventsprovidesadistinctadvantagédor collectingandanalyzingempiricalevidencgYin,
1989. In investigatingNegril, theresearchguestionsfi w h alimatic risksoccurandfi h o thed
communityadaptdo therisks lent PAR malleablyto rangefrom anexplorativeinvestigation to
anexplanatory(or descriptive)one.

Thisresearctprojectconstitutedhreemajorphasespre-fieldwork, fieldwork, andpost
fieldwork. The preffieldwork phasepetweenlanuaryandMay 2014,concentrate@n collecting
secondarylata,includingmaps peerreviewedpublicationsnewspapearticles,andgovernment
reports,andestablishingcontactswith local institutionsandagenciesncluding the University of
theWestIndies(UWI), MonaCampusNegril AreaEnvironmentaProtectionin Negril,
JamaicaandCaribSavea Caribbearregionalnot-for-profit organisationin additionto
secondarylatasourcestheseinstitutionsprovidedlocal networking andresourcesincluding
threegraduatestudentdrom UWI who partookin thefieldwork. Thesesecondaryatainformed
thedesignof the subsequerfieldwork phasewhich took placein Negril betweer29 May and
08 June,2014.Thefieldwork facilitated primarydatacollectionthroughdesigncharrettes,
surveyquestionnaireS5PS,andfield observations.

Firstly, two day-long designcharrettesvereheldin Negril, thefirst in alocal conferencenall,

with plannerspolicy-makersandlocal activists,who collectivelyinfluencepolicy formation
andwhosharedheirii e x ke o tw | eOdfltigeseexperts,17 of 39 wereinvited throughemail,
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phoneandCaribSaveo participatein thefirst charrette The secondvasheldthreedayslaterin
apubliccommurity centerwith membersf variouslocal communitiesnvited throughposters,
leaflets,personacommunicationandCaribSaveTwentylocal people ncludinghousewives,
musiciansandfishermen participatedEachc h a r rfecusandidvisation methodsliffered,
meaningno participantoverlap.

Accordingto Lennertzetal. (2008, charrettesonsistof pre-charrettecharretteandpost
charretteeventg(Figure 3.3). Here,the pre-charrettancludedgroundwork preparationand
charrettantroduction includingcharretteobjectives studyareasandmaps,andparticipant
roles followed by separatingarticipantdanto threeto four six-to-eightmembergroups
reflectingdiversebackgrounds.Theresearchersharedo specificevidencecollectedpre
fieldwork with participantsto ensurebiasfreediscussionlce-breakingactivities,suchas
pointingoutp a r t i domesamMias.andsketchingandsharinghowtheyexperience
Negril, helpedfamiliarizedeveryonewith the projectandoneanotherthus,ensuringtheir
engagemendndeffectivecontribution.Thesecondohaserepresentethe majorexerciseor
stimulatingmutualseltdiscoveryof Friedmamé #ransactivanodelto gathercrossreference,
andshareinformationaboutCBA andEDbA. Threeto four researchertacilitatedeachg r o u p 6 s
discussionincludingatleastonefrom UWI, whosepresencelemonstratedensitivitytoward
local socio-culturalvalues establishingapportwith localsandconstructivedialogue.To ensure
internalvalidity, eachgroupfollowed the samestructure deployedthe sametools,andwas
guidedby the sametopics:the majorthreatsposedby climatechangelocal copingstrategies,
andpossibleadaptivestraegies.Postcharretteeventincludedmanagingandsynthesising
informationanddisseminatingesultsto participants.

Problem identification

Empowering local people
Identifying climatic threats
Ranking and mapping these threats

“eiwel *

<
7,
‘}?/

Identifying strategies locally practised
Recognizing local resources and ecosystems
Identifying adaptation preference

Solutions

Figure 3.3 The design charrette process and its application in this study
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Secondlyguestionnairesurveyedocali n h a b andiaternator@at o u r adaptationd
preferencesor N e g rfutdrefplanninganddesign.Questionsverebasedonthel PCC & s
(Dronkersetal., 1990 threebasic coastaladaptatiorstrategiesretreataccommodationand
protectiori. Respondenteereprovidedwith two designoptionsfor eachof the lattertwo- one
hardengineeringbasedandthe othersoft ecosysterbased seeAppendixA). Retreathadone
choice:coastaketback.Thus,respondents/ereofferedfive options(i.e., retreat,
accommodatiofhardandsoft, andprotectionhardandsoft) andaskedo ranktheir preferences.
In total, 151 questionnairesvereconductedn person(i.e.,N=151),97 with locas and54 with
tourists,at differenttimesandlocations,ncludingthe downtown,streetsheachesyillages,and
thecharrettevenuesOverall,respondentsieregenerousprovidinga wealthof qualitative
commentsaboutadaptatiorstrategies.

Thirdly, devices,ncluding GPSandmeasuringapeswereusedto collectdatafor 19 sections
alongLong Bay (from northto south),identifiedin theliteratureasN e g r mostvulserable
area.Long Bayis generallylow-lying, butits elevationslightly variesmakng someparts,
includingbuildings,morevulnerableto sealevel rise,flood-surge andflashflood. Thus,for
eachsection severadatapoints(from westto east) suchasthe high-watermark, building
edgesandthe highway,weresetto measureheir distancedrom the highh-watermarkand
elevationgelativeto their mark. To avoidinstrumenterrors,threedifferent GPSdeviceswere
simultaneouslysedfor eachdatapoint.

Lastly, photographydocumentediirectobservation®f thelandscapedyuildings,infrastructure,
andecosystemsf Negril area.This researctentaileddividing the studyareainto segments,
walking alongeachsegmentandphotodocumentingt while takingdetailednotesalongthe
way.

3.5.1 Data Management and Analysis

Thedesigncharrettesyieldedthes t u taggéstandmostsignificantdatawhich wereorganized
by severaldatacollectionandmanagemergtrategiesincludinglayeredmapsandinformation,
flip charts postit notes,andcolourcoding.First, eachgroupuseda standad basemap,which
waslayeredandtoppedwith sequentiallyjnumberedracepapersheetsasrequired.Colour
codingwaskeptconsistenalongall media.For example red consistentlyrepresentedhajor
climatic threatswhetheron amap,chart,or postit note. Immediatelyaftereachcharrettethe
visualdataweretranscribednto diagramsausingrelevantsoftware(e.g.,Adobelllustrator,
ArcGIS,andAutoCAD), while thetextualdatafrom theflip chartspostit notesanddiscussion
notesweretranscribednto text. To transcribethe visualdataandsupportdataanalysis a
uniform andsimplified graphicallanguagevasusedto standardize&harretteoutcomes.
Significantamountsanddifferenttypesof qualitativecharrettedatafrom eachlayerwerethen

® Retreatinvolvesno effort to protecttheland from the sea.The coastalzoneis abandone@ndecosystems

shift landward Accommodatioimmpliesthat peoplecontinueto usetheland at risk but do not attemptto preventthe
landfrom beingflooded.Protectioninvolveshardstructuresuchasseawalls anddikes,aswell assoft solutions
suchasdunesandvegetationto protectthelandfromthe seasothatexistingland usescancontinue(Dronkers et
al., 1990,p. iv).
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analygdusingvisualtranscriptionslayeredmaps,andsymbolsportrayingvulnerabilitiesand
solutions.Lastly, the dataobtainedthroughthe surveyquestionnaireandthe GPSsurveyswere
organizednto spreadsheet§&implestatisticaimethodsvereusedto aralysethe surveydatato
comparepreferenceamongdifferentadaptatioroptionsandbetweerocalsandtourists.GPS
datawereprocessethroughGIS to obtainandanalysehe differentsectionelevations.

3.6 Negril, the Case Study

Thiss t u gartidimtoryapproachinvestigatedN e g r climatic ssksandthelocal adapation
responses anapproachhatrenderghis investigationanexploratorycasestudywith an
explanatorycomponentoiit (Yin, 1989 2011). Amongthe mostpopularCaribbeartourism
destinationsNegril, locatedon Jamaicanorthwestcoast hasbeendesignatedhe Negril
EnvironmentaProtectionAreaandMarinePark.NegrilisJ a ma itheddadgesttouristresort
afterOchoRiosandMontegoBay, but generatesnoreincomethaneitherof them(Otuokon,
200]). J a ma iemromyseliesheavilyontourism,andNegi | t@ussmindustryalone
contributesapproximatelys.5%to the nationalGDP (UNEP,20100. Neverthelesdjke other
Caribbearcoastalregions,Negril is atrisk, particularlyto beacherosion Estimategorecastthat
only onemeterof sealevel risewould fully or partially damage29% of Caribbearcoastakesort
developmentsf which nearly55% areunderthreatof beacherosion(Scott,Simpson& Sim,
2012.

Theseestimatesretroubling,especiallygiventhatover50%oftheC a r i b popuwdation s
resideswithin 1.5km from the shoreling(Mimura, etal., 2007) andneaty 82%o0fJ a mai ca 0 s
populationin particularresidesn coastakettlementglshemo,2009. Thus,N e g rcodstal s
communitiesandtourisminfrastructurearehighly vulnerableto sealevel riseandanyassociated
impacts.

37 Negril 6s Vulnerability and Adaptation

N e g rmostdesseandvulnerablebuilt-up areais Long Bay, situatedon a narrowstrip alonga
severmile beachanddefinedby the seaandthe greatmorasgFigure3.4). This morasscovers
over5,500acresandaccountdor 20% of Jamaicarwetlandsit is amajorresourceof
herbaceoumarchlandsswamp,mangroveandotherlowlandforest.Additionally, it protectsa
numberof speciesandlocal ecosystemg§lown andCountryPlanningDevelopmenOrder,
2013. Thebuilt environmentsthe morassandthe entireecosystenarehighly exposedo
coastainundationandsealevelrise. This studypaysparticularattentionto Long Bay and
considergheentireecosystenof Negril. Using primarydata,the following sectiondiscusshe
differentclimatic threatsandpreferredadaptatiorpracticedor Negril, beforeconcludingwith
designandpolicy recommendations.
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Figure3.4 Long Bay and its linear pattern of coastal development (Data source: RiVAMP)

3.7.1 Threats to Negril
Beacherosionis considered naturalphenomenonowever the charrettediscussionsevealed

thatN e g r sandpdogluctionis low, partially becaus®f damageacosystemgarticularly
seagrasslheseconditionshelpidentify beacherosionasa majorthreat (Figure3.5 a). Overthe

58



past30 years theaverageaateof erosionhasbeenoneto two metersperyear(Veira, 2014).
Accordingto Robinsongtal. (2012, if this ratecontinuesandcombineswith anticipatedsea
levelrise,6 to 10 m beacherosionwill occurby 2030,and12to 21 m by 2050.

a) Identification of threats b) Mapping beach erosion

Figure 3.5 Beach erosion, the key threat to Long Bay

Long Bay, alow lying region,hasbeenexperiencingelativelyhigherratesof erosionthan
neighbouringareasMany charretteparticipantddentified the middleto northof Long Bay as
morevulnerablehoweverothersconsideredhe entireareavulnerable(Figure3. 5 b). GPSdata
alsorevealedhatvulnerabilityvariesspatiallyacrosd.ong Bay dueto differencesn elevation
andslope.Accordingly,four zoneg(A, B, C, andD) were identifiedalongLong Bay (Figure
3.6). ZoneA representscenariosvhenthe highway,NormanManleyBoulevard lies atthe
sameor lower elevationthanthe currenthigh-watermark (the point of referencg B represents
wherethe highwaylies 0 to 2.5m higherthanthe point. Similarly, C andD represenscenarios
wherethe highwayis positionedat least2.5to 5 m, andover5 m, respectivelyabovethe
referencepoint. To assesandcomparehevulnerability of thesezonesthis researchuxtaposes
thesescenariosvith 2100estimationsf sealevel riseandstormsurgessuchasl P CC0 s
(Mimura, etal., 2007, Jevrejeveetal.6 2010, andVermeerandR a h ms (2009 faswell as
recentexperiencesf local people Findingsrevealthatareasn zoneA will besubmergedvith
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even0.58cm sealevelrise,while D is relatively safecomparedo others(Figure3.7). Northern
partsof Long Bay (zoneA, theareanearthe hotel,Beachesgareparticularlyvulnerable and
includeidentified hot-spotsthathavehistoricallylost beachcoverandareinundationrprone
whendirectrainfall combineswith sealevel changegE. Robinsongtal., 2012 M. Wilson, et
al.,2014.

Figure 3.6 The four vulnerable zones at Long Bay
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Figure 3.7 The degree of vulnerability at different zones

In additionto beacherosion the charretteexercisesdentified degradatiorof reefs,seagrassand
mangroveswaterscarcityin dry seasongpoorwastemanagemengndflashflooding andrunoff
assecondaryhreats During charretteslocal peoplesharedheir experiencesf extremeflash
floodingdueto 2 0 1 Beawyrainthatinundatedthe entireNegril areafor 10 days.Local
professionalsandenvironmentalistblamedanthropogeni@actions suchaswaterpollution and
poorwastemanagementyhich areindirectly affectingcoralreefs,seagrassandecosystems-or
instancedamageo coralreefsincreasesvaveenergyandbeacherosion.Charretteparticipants
alsoagreedwith whatthe Negril AreaEnvironmentaProtectionTrust (2010 concluded the
morasss slowly drying out, resultingin thelossof its basicfunctions,includingflood
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alleviation,andfiltering of nutrientsandchemicalsFurthermorghe overuseof resourcesylegal
farmingin the morassanddeforestatiorarealsoincreasingvulnerabilityof N e g r eccdsy§tems.

Observation and GPS data revedleat buildings along Long Bay are also exposed to climate

change because of their proximity to the sea. For example, thdhately Day 6s per mane
structures are located only 10 m from the higdter mark, far short of theés475 m legal

minimum coastaletback. Apart from setback regulations, many buildings in Long Bay rarely

follow the standards for flood and surge prone areas dbel@ffice of Disaster Preparedness

and Emergency Management, Jam&@BPEM, 201%. Typical coastal settlements in the

Caribbean, including Jamaica, hardly follow planning and land use guid@gheso, 2009

Lewsey, et al., 2004 Overall lack of awareness of the impleméptaof planning guidelines

elevates vulnerability.

3.7.2 Local Adaptation Strategies and Preference

The design charrettes and observation revealed that Negril has adopted various proactive
adaptation strategies, ranging from individual to regional projects, to reduce beach erosion.
Examples at the project scale include coral reef restoration (by S&wefads), the use of sand

bags and gabion baskets (by Hotel Lazy Days), and increasing vegetation such as coconut trees
(by Charela Inn Hotel) (Figurg8). At the community scale, Orange Bay, a fishing village that
hasexperienced over 12 m erosion ingatdecades, has been restoring mangroves to reduce
impact through CBA (Figurd.9).

An example of a regional scale project includes a proposal f@hofie submerged breakwaters,
3600 m in length, a highly engineered and-dopvn planned adaptation g&gy for Long Bay.
Mondon an d20Mastudy eonfibtmed how effectively the breakwaters would imitate
nature in reducing erosion. The project exemplifies a centralized planning initiative that will be
nearimpossible to revise once implemented. Participants, particularly in the first chasistéd,
strong opposition to the proposal due to its
environment, marine ecosystems, and tourism development. Local media, such ¢x0%4xju

also reported this perspective; however, the @owent is still pressing for approving and
implementing the proje¢Saunders, 20)5At the same scale, for managinéamd flood and

storm water, soft infrastructural measures, including vegetated ditches and drains, are employed
along the highway. The existing ditches mostly along southern Long Bay have adequate depth
and width; however, in the vulnerable north and mads#ictions, ditch continuity and uniformity

are often disrupted. Improving eadrastructure integrated with new and existing ditches is
important to reduce the vulnerability of these sections to heavy rain and flood.
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Figure 3.9 Mangrove restoration, a CBA approach in Orange Bay

Survey questionnaire results reflect an overall preference for soft adaptation strategies (Figure
3.10a & b). Specifically, for Long Bay, locals preferred soft protection and retreat strategies,
while tourists preferred soft accommodation and retredegies. Referring to soft interventions

by neighbarring countries like Cuba, charrette participants discussed beach nourishment because
it would provide additional room to adjust current setback deficiencies. In fact, there is
insufficient room for futurelevelopment on either side of the highway; however, about 77% of
locals and 44% of tourists still prefer retreat as a feasible option for Long Bay. Additionally,
respondentsdé qualitative comments andeatcharret
however, increasing density of development away from the coast asasipolsible could

work. In fact, this proposal for densification and intensification along Long Bay is similar to

Ro bi ns o (2018 suggastian.@articipants strongly opposed lagme hard engineering
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and centralized interventions, due to their possible negative impacts badosgstems, as
discussed bivycoo and Chadwick2012 in Barbados. Conversgllocals preferred

decentralized systems that are easy to build and maintain, and use local resources, thus
integrating CBA and EbAFor example, the resort, Rock House uses solar panels as an
alternative and decentralized energy source that can stifi thancentral system fails. Rainwater
harvesting at the household level, as one charrette participant already practices, can also meet
water demands in dry seasons, bypassing the central supply
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2 209 Bl Protection-Soft A 350
s i\ B Protection-Hard 300
g 60% B Accommodation-Soft § 555
?-,. 50% Il Accommodation-Hard g
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Locals Tourists Retreat Accommodation Accommodatlon Protection Protection
Hard Hard Soft
a. The most preferred (#1) adaptation option b. Adaptation preferences and ranks

Figure 3.10 The adaptation preferences of the locals and the tourists in Negril

This empirical evidence exhibits preferences for soft adaptation or EbA interventions including
smallscale engineering interventions whether through government, CBA, or indivitkrapéd,

due to their reversibility and their minimal environmental impact. Both locals and tourists are
sensitive to the need to preserve the environment and the local ecosystems while enhancing
tourism development and the local economy. As béaghsm s becoming increasingly

challenging due to sdavel rise, charrette discussions highlighted alternative tourism (eco
tourism) to support | ocal l iveli hood. For exa
morass itself used to serve tourists for mgegrs but the lack of integrated planning and
infrastructure currently hinders alternative exploration. Fi@uté& shows an abandoned tourist
center in the morass. The Town and Country Planning Provisional Qi3 for Negril also
promotes ecdourism and mamade historic features while restricting further development on

the protected morass and maintaining healthy environment and ecosystems. However, the Order
omits local adaptation strategigsyrticularly EbA, now in practice.

63



Figure 3.11 An abandoned tourist center in the Great Morass near Royal Palm Reserve Park

3.7.3 Possibilities and Opportunities

The findings parallel arguments posed by ecological design (e.g., landscape urbanism), EbA and
CBA, while ensuring effective public participation through the transactive planning tool, design
charrettes. Based on these findings, the following recommendatie intended to inform future

pl anning and design for Negrilds built enviro

1. Integrated coastal adaptations strategies e essenti al to reduce Lc
erosion. These strategies seek to enhance natilaptive capacity by rejuvenating
marine ecosystemsrtbugh longterm EbA. Restoration of coral reefs, mangroves, and
sea grass might be prioritized. $eick regulations, beach nourishment, and/or combined
with low-impact hard protection measures can desalered.

2. Situationspecific land use planningpuld minimize secondary threats, such as water
pollution, that severely impact Long Bay when combined with climate change.
Specifically, land use planning could control anthropogenic activities alongthe S
Negril River (e.g., repairing of fishing boats) and around the morass (e.g., illegal
farming) to reduce ruoff pollutants, such as oil and fertilizers/chemicals, that ultimately
impact marine ecosystems.

3. Bio-degradable and reversible adaptaticer® locally preferable and are advocated by
landscape urbanism and EbA. Reversible and adaptable strategies promote efficient
resources us$@n important consideration given the uncertainty of climatic data.
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4. Lands@pe as ecénfrastructurecan preserve ecosystems and thus, facilitate EbA.
Negril s physical i nfrastructure,walfor exam
designs, according to the different vulnerable zones (FR8)ealong the highway
integraed with existing ditches to reduce surface runoff and pollutants from entering the
sea.

5. Decentralized systentsin reduce climatic impacts during emergencies. These systems
might include clustebased and modular systems of built environment and infcaisteu
design, for example, the decentralized power system by Rock House.

6. Ecotourismcould provide economic activities additional to existing beach tourism.
Negril hosts protected wetlands and marine parks and is in a good position to promote
ecotourism as the Town and Country Planning Order for Negril has advocated.

3.8 Conclusion

Unplanned interventions and climate change are affecting the interconnection between
environmental and human systems at different scales. Locals and tourists are dlwsre of
interconnection and socimlture values that distinguish Negril as unique and distinct from

nei ghbouring touri sm d eisetresant devalopnmest). Everyageais Can c
unique in terms of its exposures to climate change and indigeadaptation strategies using

local experiences and ecosystems. The major objectives of EbA and CBA are to offer adaptation
interventions that are culturally and environmentally appropriate. Additionally, landscape

urbanism holds the potential to promotastextspecific design but does not necessarily

incorporate experiential knowledge. Including EbA incorporates human experience in landscape
urbanism while advancing proactive adaptation though ecological design.

The planning and design of costal devet@mts and infrastructure in small island developing

states like Jamaica should utilize local resources in ways that are reversible and sensitive to local
ecosystems and that can4emptively adapt to climatic change. This proactive adaptation

requires amntegration of inputs from different professionganners, environmentalists, and

climate change expertand the nuanced knowledge and experience of locals. A design charrette,
as a transactive planning model, incorporates local experiential knowlexlggnhthridging EbA

and CBA. Thus, the model can be applied to identify and recognize locally appropriate and
preferred responses (particularly, design responses) to climate change. Although the
recommendations made here are-aitd contexspecific, theirunderlying concepts, including
reversibility, modularity, and eemfrastructure, can be applied to other coastal areas, once the
input of local communities is obtained. The model can be further used to effectively apply the
concepts to a particularcontex not only all owing stakehol der s
ecological design strategies, but also helping policy makers govern them. Synthesis of expert and
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experiential knowledge is essential to integrating CBA, EbA, and ecological design while
advaning landscape urbanism to link to climate change adaptation. The design charrette is a
worthy tool in achieving these objectives.
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Chapter 4 : Manuscript IlI

A Multi -scale and Multidimensional Framework for Enhancing the Resilience of Urban
Form to Climate Change

[underreviewin Urban Climaté

Abstract

Both theplanning and climate change literature highlight the concept of resilieriaeilitate
long-termadaptation strategieBecades before the onset of climate change scidreepncept
evolved inthe urbarplanning and design literature to death uncertainty albeit using various
notions analogasto resilience. This paper argues that traseeptsincluding their underlying
theories hold the potentialor appicationin the context of climatehange adaptation; however,
they yet remain isolated from the mainstream resilience and climate change dscopm
reviewing such concepts that have beeliivated in the planning and design literature since the
latter half of the 20 century, thispaper proposes a theoretical framework for urban design to
better understand the links among the climate change adaptation, resilience, and urban form. This
paper uses urban morphology, a study of urban form representing its physical, spatial, and
functional characteristics and its changes over time, to establisélitiies. Finally, the

framework includes a set of urban design variables that could potentially infilenesilience

of urban formhence ar@roposedo measure its resilience to climateage.

Keywords: Climate change adaptation, resilience, and urban form and design.
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4.1 Introduction

Resilience is a sociecological concegt hat det er mi nes fAthe persiste
system and is a measure of the ability of the system to absorb changes of state variables, driving
variabl es, and par(@seldlieg 1973, paliAtcoslinglylalresile®r si st 0
system underscores ndinear dynamics, thresholds, uncertainty, surprise, and most important,

hol ds the potenti al Afto create ayapddort uni ti es
devel opment 0 wbhodkssuch a&shpse cadsednby climate chiudiee, 2006,

p. 253. Hence, in the field of climate changgerationalizing resilience might be a possible

way to capitalize on the beneficial opportunities of climate change adaptation -daitlo@go an

unexplored area of adaptation research. Nevertheless, thus far, scholarship that underscores the
relationshipbetween adaptation/adaptive capacity and resilience remains liiit&oy,

Finfgeld, & Bosomworth, 20138. Smit & Wandel, 2006 In other wordsthe resilience

knowledge domain is weakly linked to the adaptation and to the vulnerability dof@anssen,

Schoon, Ke, & Bdrner, 2006In the planning literature, the emergence of resiliencelation

to climate change adaptation is recent, and many consider resilience as a bridging concept

between urban planning and adaptatidavoudi, et al., 2012 Particularly, in the realm of

urban design, resilience potentially allothig built environments to be transformed

incrementally so as to adapt to and cope with natural disasgbthair resulting uncertainty

(Lennon, et al., 20t4.e6n & March, 2011

The concephow known as resilience is analogous to several key ideas, such as alternative stable
states, transformability, adaptability, and flexibility, and opposed to rigidity, stability, and
permanency, in many disciplinéBeatley, 2009Davoudi, et al., 203Z5underson & Holling,

2002 B. Smit & Wandel, 2006 This paper argues that resilienang with these analogous
notions,evolved in the planning and design literatdiecades ago independently of climate

change scholarship to deal with uncertainibeituncertainty that isot necessarilyposed by

climate changebut by socieeconomic and cultural changes, technologicagjrgaling, and

personal preference. Evidence existed evenintheedfly 20nt ury, for exampl e,
Maisons Domino in 191&riemus, 1998 but mostly since the pestodern griod. Depending

on the scale of the shocks, a complex urban system may derail toward an unknown trajectory
(Grinberger & Felsenstein, 201While exploringthe potential opportunity of such an urban

system, theseotionspromote the innate ability of built environments in terms of their design for
transforming incrementally as they reg to shocks, disturbances, and unknown future
circumstances whether or not posed by climate change. However, the ideas and their potentials
have to date been isolated from the mainstream resilience and climate change discourse. Thus,
this paper highligts the desigoonceptsalong with their underlying theories that shape urban

form andthatsimultaneously enhance its resilience to climate changdesrdasés resulting
uncertainty.
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To dateand in ordeto address the increasing impacts of climatic change and uncertainty, the
planning and design ofewurbandevelopments often rely on climatic scenarios that have been
projected by various climate models. In doing so, two key problems manifest: thetebsjunc
between what these models render and what deaisaiers require, including precise

projections othe magnitude anthefrequency of extreme events, and also the uncertainty
associated with climate change models because of approximations, inagggoaerrors

(Collins et al., 2012Hallegatte, 200P While ongoing improvements in climate modelling and
associated downscaling techniques hold the potential to address the former, the second remains
more challenging. A real risk of confusion between past evidence and predictive model outputs
is amplified by clim#ic uncertainty. Thus, the ambiguity of existing information along with its
multiplicity of meanings to understand a situation falls in the realm of uncer{@ntye, 200%.

The degree of this uncertainty is further intensified when combined with the impacts of climate
change anavith the complex interactions withein urban area between its {mbysical agents

(e.g., local geomorphology, climate, and natural disturbance) and human agents (e.g., individual
choices and actionghlberti et al., 2003 Additionally, the Intergovernmental Panel on Climate
Changé @PCC) 5" assessment report anban areas revealed that inadequate knowledge about
the vulnerability, uncertainty, and adaptive capacity of urban built environments to climate
change hinders developing the appropriate adaptation responses needed, whether in terms of new
or retrofittedsystemgRevi, et al., 201} In the age of climatic uncertainty, resilience also

highlights flexibility and transformability of city infrastructure to cope with the unknown future.

The |1 PCCbs expert recommendations call for in
provide opportunities for urban adaptation and mlgpreveal trajectories toward sustainable

and resilient developmef(RRevi, et al., 201 However, vinen implementig such a new concept
through urban design, Costa, et(2014) identify two distinct challenges that cities face: the

first relates to achieving incrementakparedness of the existing urban landscape while the

second refers to having limited opportunities to addieny urban formandto adaptinghe

existing onesThus questions arise with regards to how well our city forms are prepared or are
resilient to withstand the impacts of climate change and to be changed incrementally toward an
unknown trajectoryMore specifically, how does thaesign of urban form influence this

resilience and accordingly, what are the design variables that enable us to measure and/or assess
this transformative capacity and resilience of urban form?lastchow do we deploy these

variables to achieve such poses?

To explore these potentials and to investigate the aforementioned questions, this paper first
discusses resilience, its various analogmreeptsand its theoretical underpinning cultivated in
the urban planning and design liteen@ since the poshodern periodi.e., the late 20th century)
Then, itdiscerngheconcepts that lead ttevisinga theoretical framework for resilient urban
form at the neighbwrhood scaleaccording to which a conceptual framewa&ntifiesthe
asso@ted(urban) design variables and measures. In doing isqdper deploys urban
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morphological researdhatconsists of the town plan, the thréenensional butlform, andthe
patterns ofand usewvherebythe town plan itselfs composed afhe street networkthe blocks

and parcels, antthe building footprints. Urban morphology, as a unit of (urban) désign
provides an essential foundation to understand the structures and complexity of built
environments as well as to create, transform, andageaarban forms over tin{&ropf, 2011,
Marshall & Caliskan, 2001 Thus, such a study of transformabilitifersawider scope of
resilience and its applicability at the community level so &stablish the links between the
design of urban form and its potential to deal with uncertainty relative to climate change. The
contribution of urban planning and design literature to the scholarship on adaptation to climate
change scholarship has, so fagen limited. The proposed framewarnkd its operational
variablesenable researchers, policy makers, and design professionals to naeakaressess

the resilience of existing urban fosand by consequencéacilitate eitherthe incorporation of
newor theretrofitting of existingurban fornsin the process of adapting to climate change.

The following sections first present an overview of the resilience concept and then highlight its
links to climate change adaptation and adaptive capacity in relation to the urban planning and
design. Then, the paper discusses the diffe@mteptof reslience in theurbanplanning and

design literature since its emergence in the 1970s before offering the theoretical framework and
the ensuing design variables that influence the resilience of urban form.

4.2 Understanding resilience and its link to plaaning and design

4.2.1 Resilience and its contemporary discourse

C. S. H@97B semigadveorkResilience and Stability of Ecological Systesnsften

consideredo bethe beginning of theancept of resilience and its application to the natural and
social systems. Our review of the literature on resilience yields several observations. First, there
are three types of resilience identified in the literatuemgineering, ecological, and

evolutionary resiliengeand second, these types are concernedhwith thetime andthe process

of absorbing shocks. The followimlijscussion, along with Tablel, underscoretheir

characteristics and differences.

Il n general, resil i ence ‘oiganikatian,gemewslarll sy st emod s
devel opment. The cli mate change | iterature de
ecological system to absorb disturbance while retaining the same bastigrstand ways of

functioning, the capacity for self organizat.
(IPCC,2007,p.830 The wunderpinning notion of the | PCC
disturbance andtrey st emés i nnate property of Dbouncing

® By definition, urban morphology facilitates the study of the composite nature of urban form. Urban morphology,
similar to fimorphemeo in |linguistics, i nclcondpesgiont he s mal
(Guney, 2008Marshall & Caliskan, 2011
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This definition is similar to what Hollin¢L973 1996 callsengineering resiliengeoften

claimed dackbboumwde ch highlights a systembs ab
steadystate after a disturbance. Thus, this form of resilience includes planned approaches that
enable a system to return back to its previous state ddslkeng with a disturbance. In contrast,
theecological resiliencef a system highlights the innate potential to-setfanize, learn, and

adapt while simultaneously absorbing disturbance and undergoing el Adger et al.,

201% Turner, 201). Additionally, ecological resilience still facilitates retaining the same

function, structure, anidlentity of the systenfC.S. Holling, 1996Walker, Holling, Carpenter,

& Kinzig, 2004, p. 33. For resilience to evolve from an innate and inherent quality into an

intentional and planned practice, Wu and {2013 argue that it hinges on addressing

ecological rather than engineering resilience. Manyena, @Cdl1) call this form of resilience
Aboufnccrewar do t hat advocates the transformati ve
disaster for example, and that beliswe multiple equilibria of a system.

The third typeevolutionary resiliencechallenges all ideas of equilibrium aadcedeshat the

nature of a system might change over time with or without external disturidamneudi, et al.,

2013 Davoudi, etal.,2002 |t f o c u $260$ evolutionklly pelspedtive of a soeio

ecological system, and multiple and eebanging processes rather than on a single state, thus

we dubith t r a nfsd row ar d4l). Thisa Folkd2006, pp. 25254) highlighted the

abilityfort r ansf or m andorfgoarnifizraetnieownalandr edevel opment
foundation in ecological resilience, as they both assume the existemcidtipfe stable
statesibasins of attracti on,(WuduWut20l3,lpe2lequi | i bri a,

Table4.1 Types of resilience and their characteristics

Resilience types Purpose/objectives Focus Respondingto
Engineering resilience Maintains efficiency of Efficiency, consistency, External
(bounceback) function predictability disturbances
Ecological resilience Maintains existence of Persistence, change, and Internal and
(bounceforward) function unpredictability external
disturbances
Evolutionary resilience Maintains the ability to Persistence, adaptability, and With or without
(transformforward) change transformability any disturbance

The IPCC(Revi, et al., 201¥and Lennon, et a{2014) also highlight the ability of incremental
transformation, similar to evalionary resilience, that portrays significance in meeting the
climatic uncertainty and complexity in urban areas. Moreover, the recent discourse of resilience
addresses the holistic ability of a system to cope with disturbance, uncertainty, and ever
changng processes of a society, whether or not challenged by external stresses or climate

change. Patro(2006,p.3uses resilience as a measure of @Ah
adapt to a changed reality and capitalise on the new possibilities gfferadh e | at t er i s
with the | PCCédptaeifomitTlowmsofrasdili ence 1 s mol

requiredforand t he RArporganziagsasystenotd settle and function as desired, not
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necessarily as before, and to cope with ongoing changes while exploiting new opportunities. This
current paper consi der sonde@dsof resiiedcdiscussed ia desigh a n d
and planning literature to propose the framework that casssie ability of this evathanging
transformative process of urban form through design.

4.2.2 Adaptive capacity and resilience

The term adaptation, which originated in the natural sciences, particularly within evolutionary
biology, refers to the genetic or behavioural characteristics of organisms by which they cope

with environmental changes and uncertainty over time to surviveegmoducgB. Smit &

Wandel, 2006, p. 2§3The climate change literature defiregtaptatiora s fAadj ust ment i
or human systems in response to datu@xpected climatic stimuli or their effects, which

moder ates harm or (IRCCPR0044, g 395Adthopgb discussionstonm e s 0
climate change adaptation emerged in the planning discourse less than a decade ago, several
similar concepts,.&h as adaptability and flexibility, have existed in the planning and design
literature fordecades. Based on our understanding of the scholarly wrigrm$riedman,

2002 N.J. Habraken, Boekholt, Dinjens, & Thijssen, 198dupen, 2005 we define adaptation

in urban planning and design as the inherent physical characteristics of a system (e.g., a building
andinfrastut ur e ) gui ded by t hi s sybytwhichid®pepwitly si c al
changes and uncertainty over time. This coping mechanism allows the system to incrementally
transform to address climatic or rolimatic changes (but mostly natimatic). Thus,

adaptation irthe urbarplanningand desigtiterature focuses more on survival mechanisms as a
pre-emptive approach to coping with an unknown futafen to adaptatiorin the natural

sciences, while optimizing the use of resources. Adaptatiomtatel change is well established

and one of the key concepts reviewed by the IPCC. While adaptation has been considered at
various scales, adaptation scholarship frequently priorities lelbafigd action: local and place

based planning play a significaiaie in achieving successful adaptat{®& Klein, et al., 2007
Measham, et al., 2011

In the human dimensions of the climate change scholarship, adaptatibmégety associated

with adaptive capacity and vulnerability. Ada
community) abilitytoadagt o t he i mpacts of c¢cli mate change,
susceptibility to cope with the impacts of climateoge. The IPCQ007,p.6r ef er s it t o
function of the character, magnitude, and rate of climate change and variation to which a system

i s exposed, the sensitivity and reajimgdvinglee capa
systembs adaptive capacity can reduce its exp
systemdés vulnerability and i mpr-anotharnwgords,the abi |
systembs resilience. In fact, there are commo

resilience, such as stresses and shocks that are experienced {Bcetogacal system@V. N.
Adger, 2006. Adaptive capacity is ofh a key feature of resilien¢Beatley, 2014 Thus,
adaptive capacity and resilience aretrently interpreted as antidotes to vulnerability, that is,
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Athe more resilient [ aBeatlgys20EiPelling, 2011, p.tdhe | ess v
systembs reselpsesnbei tdrbasygybyemdéds adaptive ca
the relationship between adaptive capacity and resiliemains ratheambiguougFolke,

2006. Janssen, et.gR006 attributes this ambigty to the lack of cross disciplinary attempts,

particularly between resilience and adaptation. For example, the scholarship on resilience is
dominated by scholars wlaweprimarily conceredwith the integrated dynansof human

nature systesibut from asocialecological perspective. The scholarship of vulnerability and

adaptation often overlaps and deals with similar dynamics focusing more on-mgueed

climatic changeThe fact that scholars frequently citee work of other scholars fromithin

their own domaingields a dearth itheoetical, conceptualr empirical cross pollination that

integrate theesilience and the adaptation bodies of scholarSiaipssen, et al., 2006

In other words, adaptive capacity, which is dominated by the climate change literature,

particularly the knowledge domain of adaptation and vulnerabilities highlighting the human
dimension of climate change, focuses on the stresses and uncertainty posed only by climate
change. However, resilience coiostodmategharmge syst e
as temporary impacts on this system, hence be
process, whether natural or anthropogenic. The human dimension of adaptation represents
mechanisms as well as human interventions and amljdbe considered under the big umbrella

of resilience frameworks of humanature systems. Thus, an adaptive system is not necessarily

always resilient, but a resilient system can always be adaptive.

4.2.3 Resilience, an approach of anticipatory adaatplanning

Climate change adaptation requires knowledge aboutaghptswhatare theyadaping to, and

how. The recent experiences of extreme climatic events have resulted in a rethinking of
adaptation planning to respond to these increasing climnagicts- when and where these might
occur and their impacts, and to better anticipate {@rgn preparedness. This shift from
responding to the impacts toward anticipating and planning for future chaftga complicated

by uncertainty influences and chienges the decisiemaking surrounding adaptati¢hcEvoy,

et al., 2013 Hence, such responses to plagrfor builtin preparedness prioritize anticipatory

(or proactive) adaptation, which includes-graptive actions and preparedness before the initial
impacts of climate change appear. In contrast to reactive adaptation, which occurs after the
impacts ofclimate change manifest, anticipatory adaptation is particularly important for
achieving longterm sustainable developmeartd indealing with uncertainty because it involves
less cost and fewer resources thaniaistute emergency or retrofitting resposé® Smit, et al.,
2001). For example, if no adaptation actions are taken proactively, the total amount of losses in
metropolitan Boston from flooding would exceed USD 57 billion by 2100, of which USD 26
billion would be attributed to climate chan@dunt & Watkiss, 2011 In this particular case, it is
estimated that anticipatory adaptation would reduce the amount by 80%. In their review of the
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adaptation scholarship, Berrang Ford, et al., (20&19 that about 78% of peer reviewed papers

on adaptation at the time of their analysis focused on planned and/or anticipatory adaptation.
Certainly, resilience dldsthe potential to facilitate such preparedness. Thus, resilience is

Aant i ci p a ts,andynientional mstscoutloakvhile much cannot be known about

future events, much can, and pl an(Beatleyy20ddhead b

p. 1279.
4.3 Resilience in the planning and urban design literaturea review

Al t hough planning is often ic(daylord08, e.d50bo appl
resilientsystem focuses on planning and preparedness and anticipates dealing with future
problems. In the planning literature, the concept of resilience is used frequently to refer to the
themes of flexibility, adaptability, and durabili(Beatley, 2008 Since the beginning of

postmodern urbanism, resilience has beerudsed in the urban planning and design

literature albeit in various forms and scalés deal with an unknown future. Figufel

summarizes our findings of the review of the urban planning and urban design literature on
resilience since the 1960s. Depicteda timeline, the illustration traces the differemncepts of
resilience that have been linkedhether directly or indirecthto the design of urban form.

Upon reviewing these concepthis paper explores their potential to enhance resilience to

climate change and its resulting uncertainty, and how they can be achieved through urban design
particularly, the morphological dimension of urban desigthe community level. The literature
review and its analysis led to proposing a theoretical framewarkohnaiders this potential

whereby we deployrban morphologyo operationalizit. Accordingly, thefollowing sections

discuss the concepamd identifythe possible urban morphological variables that hold the

potential to enhance resilience to climelb@nge and its resulting uncertainty

Latent environment
Polyvalent Spaces
Hertznerger, 1991
Landscape Urbanism
Waldheim, 2006

Open Architecture
Anderson, 1978

Habraken, 1962
Natural process

McHarg, 1969
anipulability

Lynch, 1981
Breathing space
7

Moudon, 19
Unknown space
Roggema et al, 2012

Mat Urbanism
Smithson, 1974
Smets, 2002
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[ 1950 N 1990 [N 2000 [N 2010 |
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Figure 4.1 Resilience in the urban planning and design literature
4.3.1 Flexibility and adaptability

Against the prevailing rigidity of modernism, tbencepp f fAopen architectureo
to Northern Europe by Dutch architects Herman Hertzberger and Nikolaas Hatihiken

1999. Theconceptadvocated the provision of providing open or fgdfermined structures for a

dwel |l i ng that i ts usITrddboowtdledbupportsjan Alterhativetdla br a k e
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Mass Housingfirst published in Dutch in 1962, proposed two basic components of construction

and design of eesidential buildingnamelysupport (i.e., base building) and infill (i.e., interior

fit-out) in orderto allow the participatory role of its users in the design process. The support and
the infill are also call ed nrdsgectifieh{chnegider&and fiso
Till, 2007). Theconceptaimed to increase the resilience, as a {mittesign principle, in order

to incorporate varieties of design options, for example different layouts, to meet future

uncertainty because of changes of seonomic and cultural states (such as individual and

cultural preferences) and for technological advancement ove(NideHabraken, et all981).

The users would add to the original structures and adjust them based on emerging needs that are
not necessarily predictable, thus allowing room for catering to uncertainty in the future. The

1960s vereknown for attempts to achieve flexibility mffering purposely unfinished designs to

meet uncertaintySarkis, 2001 Later, Avi Friedmar§2002), in his book titledAdaptable House

adopeda similarconcepthat increased resilience by offering enormous design options fer end

users so that they could choose and chamgeesign according to their budget and individual
preferencesrowHrmed mam 6Mo mMtG eal all ows its owne
home over time based on the space needed and firmncesi | abl e. (&)Vvi n Lynchdf¢
manipulabilityunderscores the ability to change in terms of physical form and its uses, similar to

the adaptability of open architecturehich is intended to allow all possible future functions.

Unlike open architecture, manipulability focuses on maintaining functions for the predicable near
future. Operbuildings(Kendall & Teicher, 200pand flexible house&Schneider & Till, 200y

are a few contemporary movements ofdpen architectureéOpen architecture focuses more on

providing resilience primarily at the building scale to respond to steady-scarmmic and

technological changes in order to augment the design process rather thadpitoeluctof the

built environments. However, tleoncepthardly ever takes external environmental stresses

posed by climate change into account.

Based on this open arcldtare, an entire urban system can be classified into various hierarchical
levels, from determined, hard, or leteym (e.g., major streets) to relatively haif
undetermine@ndshortterm components (e.g., individual plots and their u@es). Habraken,

2002. These levels diierarchy can help understand the decisiaking time horizons of
adaptation planninfCosta, et al., 2014Hallegatte, 2000 which determine how the I{gpans

of thedifferent components of an urbfarm, especially itsnorpholog, can be adjusted in
accordance with the emerging climatic impacts amckrtainty. For example, when building or
retrofitting a structure in a hazapione area, it might be rational to consider designing the
structure to have a short lifetime, based on the extent of risk, instead of aimirigrigiterm
structure.

4.3.2 Incorporating ecological design and planning

Ignoring the natural and ecological processes is to excludintdatening natural hazards
including pervasive environmental degradafipttHarg, 1997. Ecological design includes the
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forms andheprocesssof changeand directs and manages human actions to incorpibiege
processes afhange in tune witthe ecological processeBor example, akito open
architectur e, 0 ma {1974 undeascares systemic proc8smof pldnmsitisen
environment to improve resilience. Instead of a static architectural composition and rigid
urbanism, mat urbanism sgestsa generative installatiom referenceto the transformative

processes of urban forms that are respectful of the local nature and climate, and that are open to

change: fimat building Iis a process, dyarowing
delicate interplay bet we e rfForesa200§aSudh genesatvend r ep
installation i s s o me w20a’gensratiueiptoass oftuthanBe si m Hak

transformation, even though the latter doesneaiessarilyonsider ecalesign or ecosystems.
The mat allows indeterminacy in size and shape, flexibility in building and land use, and mixed
programs. It thus tends to providexibility in planning and design and so offers a range of

functions over time. Smithson argued that f#fAth
di mensions. .. they wi (Shithsom t97AStldingahe differee di mensi
hierarchies of urban tissues, the mat offers a critical shift from architectural scale to urbanism

and proposes a nhew organizational principle b

network, similar to streetetworks, implkes the hierarchy of transportation systems and tends to
spread out, dispersing densibence, it seems that thems unintentionally endorse the concept
of contemporary urban sprawl. Beyond considering the landscape as a formal model, the mat
also conders it as a model for procgs Allen, 200). Internally, the mat proposes a loose
scaffolding base or a porous interconnectivity in which transitional spaces/nodes aréechnnec
however, externally, they are loosely bo8dAllen, 200).

Similarly, landscape urbanism that considers the landscape as the fundamental building block for
city design pomotes organising urban forms around cultural and natural pro¢&sseer,

2011). During the postmodern period, popular Europeanrodking principles, both in theory

andin practice, became questionable because of their rigid notions and prejudices that often
presented culture without context. In contrast, the indeterminacy and instability of contemporary
cities have influenced the emergence of landscape urb@hiaidheim, 2006a Landscape

urbanism considers the landscéipst, as a lens to portray the contemporary process of urbanism
andseconda medium that is uniquely suited to the oeledness, interminacy, and change
demanded by contemporary urban complexgied imposed by temporahcertaintiesFor
example, James Cornerds scheme for the Singap
organizational structure in terms of materials, texturesespanfiguration, and scal€zerniak,

2007). Thedesignscheme facilitates a mudinctional landscape for alleeds some functions

of which are clearly marked and defined while the rest are left for exploring unknown uses.

Cornerb6s project suggests infinite exchange a
resilience, based on the uteditesthecoshandthees, t he
projectds | if es dhathe.projéct foctseswoydrologitele emvirenmentalaand

long-term sustainability, its spaces equally hold the potential to withstand climatic uncertainty,
particularly the impacts of natal disasters like floods and windstorms. Both mat and landscape
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urbanismhavestrong foundatiogibuilt on ecologicalprocesses and used to guide urban forms.

In other words, theintegratenaturalprocessesand human technologies asadpromotegreen
infrastructure which holds potential toenhanceheresilienceof urban fornswhi | e fipr eser v
and enhancing diversity within ecosystems in terms of habitats, species and(§roekls, et

al., 2007, p. 170 Green infrastructurkighlightshydrologial functiors of urban landscapt®

mana@ storm wateland reduce additional nesidr gray infrastructurédUNEPA, 2015.

Moreover, all these approachees e i nf | ue nc e (1968 sdvocaaynfor dMapkive,r g 0 s
flexible, resilient, and responsive designs in which the individual form and the function seem to

be invisible and fused withatural processes.

4.3.3 Toward heterogeneity

The heterogeneity of a system facilitates spreading aiskass geographical areas, across time,

and across multiple systems and thus, can pot
to homogeneitythe concept of heterogeneity promotes hierarchy and multiple stable states,

which are essential cqgonents of ecological resilience. The conadpbd contributes to

understanding urban forms and their design processes as a part of entiecslugaal systems

(Wu & Wu, 2013. Characteristically, urban systems are heterogeneous in terms of urban

density, vegetation, types of infrastructures, and different smmoaomic; and cultural activities

over time compose this heterogené@adenasso, 20).3Thus, tle heterogeneity of an urban

system can be understood in many ways: in terms of its lif¢gypda, 2008 Fernandez, 2002

its program (e.g., land uses and activiti@zerniak, 200y, and its land cover (i.e., spatial)

(Cadenasso, 2018adenasso, Pickett, McGrath, & Marshall, 20Edr example, mat urbanism

tends to provide flexibility to deal with rapid urbanisation, by facilitating the heterogeneity of
functions repeatedly subjected to revision and adaptéfames, 2006. Also, in order to

understand temporal lebgeneity at the city scale, Al0O08 c at egori ses a <cityb®o
infrastructure according to its different lifenes, for example, 6Q00 years for residential, 50

100 years focommercial, and 280 year for roadyased on their liféimes in terms of their
susceptibilitytoc | i mat e change. Further ,h (2083 propositondf ui | di r
temporal heterogeneity classifies and sepathtdifferent parts of a buildingg desiged

elementsnto different lifespans ranging from 10 to 100 years in accordance with-ahdrt

long-term climatic vulnerability. This temporal heterogeneity, also known as deciséing

time horizongHallegatte, 2009 can guide the potential retrofitting phases as palaigterm

adaptation planning because adaptation actionalanetoa progressive maratheather than

explosive sprint¢Costa, etal., 204 A systembébs heterogeneity can
through modularity(Ahern, 201). For designers, modularity often refers to employing or
involving fna module or modules as the basis o
housing unitfWaguespack, 2010, p. BZhus, modularity, as a pemptive design approach,
enhancesesilience an@énsures that i part of the system fail it does not necessar#yfectthe

otherpars and thusnodularityreduces the impacts of climate change. L2607 used the

anal ogyto-bai hiseafea order to understand heteroge
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represents a paradigm shift -sfarfem rtwbrds, asldfrhvee nt i
from engineering resilience.

4.3.4 Latent potential

Ander @wW®m@mrsoposition of Al atent environmento r ¢
degree bresilience within a physical environment, such as a street or a park. This environment

is a result of many potential actions and interpretations by its users. According to Anderson, a
physical environment consists of three major domains of potentidtiexppotential,

recognized but unexploited potential, and unrealized potéAtaerson, 1978(Figure4.2).

The degree of resilience or latency of the environment varies based attéhéno potentials,

both of which, in factseem analogoustoh e concept i atplargersealalbditi t ect ur
without necessarilghanging thghysicalstate of a systenMore specifically, open architecture

places the emphasis on promoting and preserving the bounce forward idea, while latent spaces
underscore the tendency to bounce back to the original state of a system. Latency, which depends

on different perceptions afsing a space, allows people and communities to recognize the space
according to societal changes over time, without any particular physical qardgrson,

1978. In the context of cthate change adaptation, the latent spaces hold great potential because

they offer indeterminacy, similar to landscape urbanism, but in a more guided way. For example,
these spaces can be used temporaitorestorm water runoff and/do function asioswales

if required.

Physical environment

Domain of potential
ROBUSTNESS

Latent Env
(Unrealized potential)

< RESILIENCE ,>
¥

Realized pofential Env

Explored.Domain
Recognized but
unexplored Domain
Unrecognized

Domain

Figure 4.2 Physical environment and resilien@elapted from Anderson, 18)7

Anne Vernez Moudo(1986 finds similar spaces at the neighiboood level that were created
from the accidental intersection of irregular street grids in San Francisco and that allowed the
communities to manipul ate and personaltheze the
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community, even though teespaces were not intentionally programmed. Such community

spaces mighfiacilitate therecovery actions immediately after climagicd norclimatic hazards.

For example, in the aft esimiars$snall pablic sgabes Wweeedused 2 01 0
to house temporary and emergency shelters in Concefdién, Bryant, Wirsching, Garcia, &

Teresa Rodriguez, 2013rhus, similar to latent spacelsesebreathing spaces potentially

facilitate an operended process to incorporate changestamd¢commodatancertainty.

Tounker st and the | atent spacegl99ipolyvales paceyalsbdi ng
known as spaces with no labehn be extended asdesign approadb enhanceheresilience of
urban formsavhere such spaces msgrve different uses withottie need t@xperiene major
physical changeS . h e wor d dwhiohlsignifiesithesalet polyvalenter multi-purpose
hall in French villageds usually used for musical and theatrical performaaoe$or wedding
and parties, and primarilynderscoretheinterchangeability ofhe activities within agiven
system ather than physicl changng this systenmas with the modularity of heterogeneity
(Leupen, 2005 In the same vein, Roggema e{2012 explorea hypothetical casthat deploys
theundetermined spaces$ acity, such as the urban nodes of the Netherlanbgh they
dubbedi u noksin s p a ¢ e s 0 ,the impactaatlinpté change. Ttsenodes bld the
potential to function differently during disasters, for instance, to accommibdadeection of
emergency shelters.

The underlying concepts of thesg¢entspacesvithin urban form parallel several concepts from

the climate change and so@oological literature, such &galker and Safi €006 biodiversity

within ecosystemslo define biodiversity, Listef2007, p. 4fusedthemetaphorotfil i br ary of
knowl edgeo, asfamilear andfvaluedy whildithersare yetto be discovered.

Similarly, they paallelS me t(20@2p r oposi ti on of Al eaving things:
uncertainty whichsuppors the adoption oinherent design approachéstimproveresilience

The anal ogy  op e fobtacticeghatecanmpaentally aceosnmadateamy

program needed to deal with future uncertainty.

Moreover, all the aforementionednceptsonsider longerm proactive approaches for dealing
with futureuncertainty and provide a number of design variathlasareassociated with urban
form. The following sections synthesize the potential of these variabtggopose a muki
dimensional and mukscale framework to understand how the design of um@phologycan
influence the resilience of urban form.

4.4 Toward a framework for enhancing the resilience of urban form

4 4.1 Rationak and theoretical discourse of the framework

Most planning and design interventions are based on a beliefttatvkl e dge Al eads t o
and therefore, predictabil i t(lystera20@7, pp.445). success
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However, in reality |iving systems grow fAdisc
sudden disturbance an entire living system (e.g., a city) reorganizes or renews in a way that may
turn it to a similar or different statamore or less desirable to humans. At this point, Gunderson

and Ho (003 parpictsy model links variousidaptive cyclein a nested hierarchy to

represent dynamic cycles of ecosystem and theaharging and multiple states of a system and
establishes their relationships in terms of time and space (FA@)r& hese adaptive cycles

illustrate that changes are episodid amne controlled by interactions between slow and fast

variables. These cycles include four batages of ecosystems: reorganization (renewal),

exploitation (birth), conservation (growth), and release (creative destrugemniiinderson &

Holling, 2009. Among these stages, the renewal stage is crucial with regardemptire

planning and design as it represents the time for innovation and restructuring of a system.

Although this stage involves high uncertainty, it can hb&lhighest resilience. Thus, this stage

offers opportunities for planning and design innovations because of two reasons. First, it is the
stage when a systemb6bs resilience iIis increasin
interventions couldapitalze on this opportunity tenhance the resilience of a system (e.g., an

urban area). Second, this stage also provides an opportunity to monitor and measure resilience as
a system goes through the entire processagmafmizingandminimizingits resilienceand
eventually will reach its next renewal stage.
and design, which also influences the future pathway of change, depends ptrdly on

e ¢ 0 s y divdeversitysin terms structure and functions and pamly h e e ¢ oabiftystd e moé s
regenera and reorganig Thus, a flexible, adaptive, and responsive system holds the maximum
potential to incorporate these changes at every phade atow the system itself to cope better

with change over time as welswith theuncertaintythatensuegrom climate change.

Re-organization Conservation
ES A
1=
2
O
o
Exploration Release

Connectedness

Figure 4.3 The model of adaptive cycles.

Note: The sign (+) indicatahelevel of resilience (R) at different phases whemnd® showthe increase
and decrease & respectively(Adapted from Gunderson & Holling, 2002

" Panarchy represents a conceptual framework to portray an image of chttresoitioecological system.

Panarchy focuses on rationalizing the interaction between persistence and change and also between predictability

and unpredictability while allomig a syst emdés adapt iheganaechydrameworkdinks Accor di
various adaptive cyclgsee more Resilience Alliance at www.resalliance.org).
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4.4.2 Urban design resilience index (UDRB:proposedramework

This paper considers the several designceptslisaussed and their links to resilienaed

adaptationas the conceptual foundatido proposearesilience framework so as to enhance
resilience (and adaptive capacity) of wurban f
environment o of spatial@atterryofits penmanent dridmed physicad

objectswhether natural (e.dnills, rivers,and even trees) or morphological (sgeets,

buildings,and infrastructurejLynch, 198). MichaelConzen(1969 delves further into the links
betweerurban formandthec i t y6s uni gque mor pwhiohlexhigitits a | charac
physiognomy or townscape. Thus, our proposed Urban Design Resilience Index (UDRI)
integrateshe different elements of urban morphology and their design potential to balance the
interfaces between human and natural systems to understand and enhance resilience of built
environmentsThe UDRI considerthe pre-emptive approachf redudng shocks andhe holistic

approach of anticipatory adaptatj@mdalso,incorporates opeanded planning and desitmat
facilitatesincrementabnd generativerban developmenCollectively, hedimensions of UDRI

yield urban planning and designocessethatalsostrengthen the innate ability of urban syssem

to be transformed physically, functionally, and spatiallg manner thaaccommodagsnew

changes in society, economy, and/or environment over time.

Similar to the adaptive cycles in the panarchy maéeiporality anduncertaintyare two key
attributes of th&JDRI framework. This multdimensional framework also offers a set of
interrelated design indicatorsdt facilitate arunderstanishg of itsdimensionsat different scales
(Figure4 4).

4 4.3 UDRI and its dimensions, scales, and indicators

There is uncertainty in predicting loitgrm climatic scenarios and their impacts on urban areas:
thefurther theprojection thehighertheuncertainty. For exampleurrentclimate change
projectionscover €enarios untithe end of te twentyfirst centuryin eighty four years from

now, butthe physical planning and design of built infrastructike streetdacklea life span that
exceedd 00 yeargAuld, 2008. In addition, the evechanging dynamicef a society andts
ensuingurbanizatiorfurtheramplify the level of uncertaintgue tothe emerging impacts of
climate change. Thefore, ouproposedfamework encourages progressive,iogar, and
incremental design approacheorderto allowthe possibility olaccommodating these changes
into thebuilt environmentin other wordsthey facilitate theexploration ofopportunities during

the renewastage of the adaptive cyateodel (Figuret.3). The theoretical basis of tipeoposed
framework considers four interrelated dimensions: ecological, physical, functional, and spatial
and includes a set afban design concepts that incorpotthaturban mophological

components othebuilt environmat. Table4.2 describes these concepts and the poteottial
applying thento a particular contexds a means of enhancing the resilience of urban fmah,
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Figure 4.6 includes the indicators and variablethe$e concepts to elaborate their scope to
enhance resilience while illustrating their abstract applications.

WrgppouS
" wgerbuol

" lesodwa)

Figure4.4 The dimensions and the scales of the proposed framework

Firstly, the ecological dimensiaefers tothe intgyrationof built forms and naturayhich

capitalizes omatural wayf reducingshocks Various contemporary forms of ecological

design, such akndscape urbanism, are able to address this integratibs simultaneously
advancinggreen infrastructure thaetween mammade features and natural systeRecent
applications of green infrastructure go beyewedlogical srvices For examplesuch

applications, as guidday the United States Environmental Protection Agency (USEP®)9),
nowincludeian array of praodpaacttes that usenatboalendineeged e s ,
systems that mimic natural processtsenhance resilience (similar to a bouficevard model).
Thus, his dimension reflects ecological design that increases the ecological resilience of urban
form, therebyfacilitating the ability of urban form tbounceforwardasrecommended by the

| PCCbs fifth assess(Revndtalr2elg Additionaflyosuchecolodicaln ar e a
designare conceptually similar to ecosystérased adaptation, an emergent approach of climate
change adaptation thedmbinesecosystem seices and natural resouraesadaping to climate
changgDhar & Khirfan, 201¢. They both ense preserving the ecological processes and
guiding human actions &trengtherthe connection between urban form and nature. For
exampleavoiding surface sealing and deforestationrban areasnhances the discharge of

runoff water to regional and grodrwater systems, and thus reduttesimpacts oflashfloods.

An urban areavith 75% impervious surface land cover experiences three times more runoff
compared to an area covered by5886 of impervious surface and five times more than a

natural aregWatson & Adams, 2011, p. 2To ensure this natural flowftenecological design
approachetean towardlispersed developmentshich may seeminglgontrastwith compact

urban formghat are considered one the established norregstéinable developmeftabareen,
2009). In order tobalan@theseseeminglyo pposi ng appr ceenAlleyss, Chi cago
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program(CDOT, 2010 introduceda streetdesignthatdeployedporous recycled materials that

are sensitive to the environment, similartommat bani s més | otbate scaffol d
simultaneously caterdd acompact andustainable developmeas well as an ecological

dimension that balances built form and nature

Secondly, the fr ame tackieskhé ghysipahchaacteriatics ofdstregteand i o n
street networks, blocks, and buildingsorder to capitalize otheirdesigp s potbent i al
incrementally transform so aséahance resilienc@ heconcepts behinfalf-determined,
undetermined, or heterogeneous formderscoréhe separation between thariousparts

constituting these fonsso thatshouldany part be changed, be retrofitted or even tladl other
partsremain unaffected~or example, in the Netherlands, the national policy promoges th
separatiorbetweerrain water drainage systerasdthe sewer networks in urban areasider

to increase flood resiliendEEA, 2013. Likewise,mat urbanism promaoselustes or modular
developments through well connected steng. (street networks) arestablishes connections
between clusters, clusters and stems, or-banths andhature. Thus, intedependency and
connectivity between the parts of a system maximize the flexibility to change these parts in due
course. A combination of multiple connectsoand their variety produce hierarchical structures,
which are often redundant but generate ambiguous relationships within and around systems, that
enhance resilienddehaffy & Salingaros, 20)5Lessongrom latent and generative spaces also
reveal thathe multiple connectivity in achievirihese ambiguous (or casual) relationships
betweerspaces can increase the resilience of urban formsétbennectionare designed in a

way thatallows incrementathange for example modular development.

Thirdly, the functional dimension includes land uses and different planned or unplanned

activities. It isequallyimportant for an aretiatis not yet known to be prone to natural hazards

or where there are no other choices except to continue living in a f@pamslarea. The

conceptf unlabeled spaces, polyvalent spaces, diversity, and unknown spaces highlight the
potential of buiti n desi gn i n increasing the resilience
functions. Through this capacity, for example, ttieets of PorAu-Prince, Haiti helped

municipalities in accommodating temporary shelters immediately after the 2010 earthquake

(Norton, 2013, p. 216 Roggema, et a(2012 also illustrate the potentiaf thelinks between

these adaptable spaces (also called unplanned spacéis¢ sindet network of a Dutch city

(Figured 5).
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Focal points

‘ Zones of influence

around focal point

Unplanned spaces

Figure4.5 Unknown (unplanned) spaces and street netyddapted from Roggma, et al.,
2012

Lastly, the spatial dimension focuses on the layout pattern and heterogeneity of urban form, such
as the spatial planning of Figuées itself. Minimizing impermeable surfaces in an urban area
through land cover classification can provide ecological benefits and also reduce the impacts of
climate change, such as floods andle®al rise. For example, Malmé in Sweden deploys a

green scang factor that ensures a certain portion of any new development consists of either
green infrastructure or a land cover with porous surfB&\, 202, p. 53. Accordingly, the

city uses different values for scoring systems to measure the efficiency of different land covers
like O for sealed surface, 0.7 for green roofs, and 1 for ground vegetation. Cadenasso, et al.
(2013 also propose a system called HERCUE Bt measures the ecological benefits of urban
forms by focusing on their different land covers, including buildings, surface materials, and
vegetation.

Moreover, these interrelated four dimensiansglerscore many planning concepts and
approaches that have been used over decades to enhance how built environments respond to
uncertainty that is not necessarily related to climate change. Only a few approaches include
evidence related to climate chanBg.extracting urban design potential to facilitate-pneptive
adaptation, the proposed URDI framework highlights a number of concepts useful in
understanding the influence of design in enhancing urban resilience flablerom a
methodological point ofiew, a concept helps build only perceptions (i.e., abstract
understanding), which can vary markedly by individuals and are often too elusive to apply
without associated measurable varialjlfasmar, 201}. Building on the interrelationship

between the theetical underpinning of these concepts and the different models of resilience
discussed so far, this section develops the indicator and associated variables of the concepts that
are missing from the literature. Taldl2 lists these concepts with their agponding sample

8HERCULES (High Ecological Resolution Classification for Urban Landscape and Environmental Systems)
focuses on land cover, not land use, and recognises cities not as separate between built and vegetated landscape, but
as a patchwork of finely differentiat@dmbinations of different land covefGadenasso, 2013, pp. 2226).
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variables and demonstrates their links to urban design. For example, the first duerrepihy

with natured e monstrates urban formds organization t|
environments and that strengthens natural systems to take control to absorb risks. To reduce the
impact of water runoff naturally, many ecological design innovations commit to préserve

natural flow by minimizing urban imperviousness and preserving urban wetlands, thereby

boosting resilience. Thus, the possible variables to determine resilience of a given area involve

the amount of porous urban surface and its historical trendt{emiecreasing or increasing).

For another example, the conceqteterminacyunderscores a prmptive design framework of

urban form that allows endsers/policy makers to change, modify, and manipulate the urban

form to a certain degree to cope with oolwn circumstances. A distinction between

fixed/determined morphological elements and flexible {determined, relatively more

adaptabl e) ones of ausessynanodfyimg alemdnesas ngeded gnd iaalse s e
as an indicator of resilience. éardingly, the degree of indeterminacy indeed influences a
systembébs resilience: the more indeterminate a
limited length of this paper, the rationale behind establishing sample indicators and variables of

all other concepts is briefly presented in Tah Additionally, Figure4.6 represents abstract

design applications of these concepts to clarify their potential contribution to the realm of urban
design. Yet, in a relatively subjective and creative dortilee urban design, the

operationalization might differ significantly based on how designers use and nurture these

concepts. Thus, the variables listed, along with the visualizations used here, are meant to offer
only a few suggestions for these concéptsp ot ent i al and for their use
to uncertainty and resilience.
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Table4.2 Urban design concepts of UDRI

Concepts Descriptions Sample indicators  Sources
(variables)

Harmony with Harmony and consistency between nature and urba Imperviousness (in  (McHarg,

nature forms promote ecological resilience (i.e., bounce terms of lancarea) 1969
forward model). Ecological design advocates seve and links between  Smithson,
techniques for maintaining the dynamic of natural green and gray 1974
system to enhance resilience. For example, poros infrastructure (the ~ Waldheim,
of urban surfaces could influence and manage wa degree of design 2006hH
runoff. Similarly, incorporating green infrastructure potential to facilitate
in design thus reduce climatic impacts, particularly these links)
from flash floods and urban heat island.

Latency Latent urban form holds innate design opportunities Predefined room for (Anderson,
an urban system to cope with uncertainty while  future functionsto 1978
accommodating different fute uses which are not be accommodated Moudon,
essentially in use now. It includes pEmptive urban (clarity between 1986
design strategies that differentiate urban form and exgored and
uses from exploretb unexplored domains unexplored spaces)

Polyvalent Polyvalence spaces and their design highlight the  Capady to serve (Hertzberger,

spaces capability of an urban system (e.g., a street or diverse functions 1991

and diversity building) to serve diverse uses at the same time. ~ needed particularly Roggema, et
design of it could enhance this potential to increas during a disaster (the al., 2012
resilience during and after a disaster. efficiency and

number of these
uses)

Indeterminacy Indeterminacy leaves a range of possibilities to cope Distinction between (N John

(or half with unknown changegunctional, spatial, and determined and net Habraken,

determinacy) environmentalover time. Most importantly, it determined 1972
prescribes several design strategies to control ove components of urbar Kendall &
these changes that might involve partial or full form (the degree of Teicher,
physical changes of certain urban form. clarity in terms of ~ 200Q Lynch,

design) 1987)

Heterogeneity Heterogeneity separates different components of ur Hierarchies of urban (Auld, 2008
form into different parts and spreads out risk acros forms accordingto  Cadenasso,
time and space. The degree of heterogeneity offei their life-time and 2013
varieties within a given urban system that potentie¢ spatial positions (the Czerniak,
include multiple sopes to deal with uncertainty. clarity of these 2007

classifications

through design)

Modularity Modularity of an urban system facilitates to control ¢ Clear/virtual (Ahern, 2011
group different parts of it and enables them to be clustering of urban  Lister, 2007
changed/modified without out affecting others. Thi form (number and
it welcomes professionals and communities to size of each
retrofit or change of parts only which are affected module/cluster and
a circumstance. their degree of

independence)

Connectivity ~ Well-connectednd hierarchicahetworks of urban Interplay between  (S. Allen,
infrastructure increase the scopes for future streetsaandblocks 200%,
development and they facilitate emergency recove (the size/number of Mehaffy &
actions, including evacuation planning. blocks or Salingaros,

superblocks and 2015
number of nodes)  Smithson,
1974
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Dimensions Urban design concepts Sample Indicators (variables) Visualization

Less resilience €———3 More resilience

— 5 Harmony with nature - Imperviousness (ratio or area)
— (Wholeness) - Incorporation of nature (degree of \
inclusiveness) Q
\ /
- /
= g; S VZ:/
.(%i ‘(v‘l Nature discarded Nature included
Jo! zZ
5]
Latency - Ungxploreq space (amont and ‘
‘ design clarity)
o
5 g! Explored system Potential to be explored
g3 9
g g
= o
Polyvalency - Multifuncionality (number of ‘
alternative efficennt uses )
Labeled spaces Polyvalent spaces
(unknown potential)
Indeterminacy - Distinction between determined q
(Half—determined) and notdeterrpined compongnts
(degree of clarity through design)
Determined Half-ditermined or
indeterminism
Temporal hierarchy »
Heterogeneity (the composition of elements with
different life-span and
’_ their design clariy)
Homogeneous Heterogenous
. - Clustering of urban
Modularity form (number and size of ‘
each cluster)
Centralized Grouped and decentralized
Links between street S o
1 L. - Links between streets
I I Connectivity and blocks (the size and > ‘
| number of blocks/superblocks)
Disconnected system Multiple connections
and networks

Figure46 The UDRI 6s design concepts and sar

More specifically, he dimensions of our proposed UDRI include a list of interrelededeptso
understand resilience thinking and adaptation and their linketaban morphological
elements. The theoretical discourses of resilience have rarely addressed the issweof cli
change adaptatigfpavoudi, et al., 200)2and/or the connection between resilience and the
design of urln forms(Allan, et al., 2018 The UDRIframework addresses this whea&ng
with its design idicators it can be applied inrgy given urban setting tassesggsf or mo s
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adaptive capacity and resilience to climate change. Some of these indicators inglicigyo

Wal ker a2009 wilely cited lsasic principléof a resilient worldhowever, these
principles are nammediately relevant to understanding the design of urbanifsamething

that our proposed UDRI tackleBherefore, and in order to facilitate such an understanding,
Figure4 6 illustrates through easily decipherable abstract visuals how to simplify the
applications of the proposddDRI framework through urban designterventions Surely, the
practice of climate change adaptation varies across sicade and space, and therefore, its
specific actions are grounded in the locality and are dependenthgaoatture and the degree of
vulnerability. For example, the vulnerability of coastal urban formsethsties fronsealevel

rise, storm surges, and flooding varies significantly from that of inland urban forms whose
vulnerabilityensues frondrought. The pposedJDRI frameworkpresents generic and
globalframework whose concepts and indicatoaie be wholly applicable in some instances, but
partly in others. Thus, empirical research in the future will further enhance the details of this

f r a me woiables) their indicators, and their operational measures. Such research will also
lead to enhancing our understanding of the resilience of those urban forms that are vulnerable to
the impacts of climate change, hence, lead to the development of relel@ant po
recommendations.

45 Conclusioms

Successful climate change adaptation includes actions not only for reducing the current and
emerging impacts of climate change but also for capitalizing on other benefits of those actions.
However, only 7% of clima&t change adaptation research pays attention to exploring the latter
opportunities of adaptation actiof®errangFord, et al., 201)1 A workshop on climatehange
adaptation, organized by Balsillie School of International Aff@SIA, 2014, considered
successful adaptation as a part of sustainable development, and thus, it also integrates the socio
economic and environmental systems of an urban develdpAuititionally, an urban system

and infrastructure will last even longer than the period projected by current climate models.
Thus, this paper sees adaptation not only as a part of resilience thinking addressing our ever
changing environment and urbanteyss but also as a part of sustainable development effort.
Thus, the resilient urban form could also optimize resources and promote sustainable
development while maximizing the benefits of resilience thinking and adaptation. The proposed
UDRI framework hgbs understand, measure, and improve urban resilience and also promotes
sustainable development.

Specifically, the UDRI framework along with its concepts and possible variables helps people
and communities understand the characteristics of resiliencadaptive urban forms and urban
design strategies as potential adaptation actions to cope with an unknown future. So far there has

° The nine principles of a resilient world: diversity, ecological variability, modularity, acknowledging slow
variables, tight fegback, social capital, innovation, overlap in governance, and ecosystem §@faiker & Salt,
2006, pp. 14449 .
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been a dearth of establishing urban design frameworks that identify the characteristics of resilient
urban forms. Certainly th UDRI that combines the various concepts from the planning

literature henceforth never placed together in one plpcemises to be a useful tool. This
comprehensive and flexible (or more open) framework allows selecting from among its
theoreticalcomponats (concepts, their ensuring indicators and variables) that suit particular
conditions of an area and its different vulnerabilities to which its urban form is susceptible,
thereby making advantage of different resilience requirements. Beyond this ttedoreti

foundation of resilience through the urban form,phectical contribution of this framework

would render developing design criteria, guidelines, and pdiicesbanlandscape and green
infrastructure- in other words, implication and contributiém contemporary planningractices.

For example, the concept of mixede developmena common planning motto for advocating
sustainable developmemould also facilitate climate change adaptation by accommodating uses
particularly needed during naturakdsters similar to what polyvalent and indeterminacy

promote (Tablel.2 and Figuret.6 ).

The proposed framework promotes tdomceptof ecological and evolutionary resilience that
advocate longerm anticipatory adaptation strategies. Further reseatisrto confirm its
variables appropriate for a particular context and test the framework using its operational
strategies. The underlying concepts of this framework, including its indicators, show a path
toward increasing resilience of urban form that ceet the challenges of evelnanging
phenomena of our seties and environment, including climate change.
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Chapter 5 : Manuscript IV

Six Urban Design Measures foAssessing Gmate Change ResilienceNegril, a Caribbean
case study

[Ready forsubmissiorto Planning Theory& Practicq

Abstract

Limited information on local climate change impacts and resulting uncertainty hinder the
identification of appropriate urban design and planning approaches to enhance the resilience of
urban form. Tdacilitate these approaches, this paper proposes a theoretical

framework integrating urban resilience, urban design and planning, and adaptiaéibimcludes

six measures associated with urban morphology and that is operationalized in Negril, Jamaica,
vulnerabletoseh e v e | rise. Empirical evidence reveal s
oriented and predominantly considers the impacts from extreme climatic events while

maintaining its current development patterns and overlooking progressivugcegrdental

changes that could address climatic uncertainty.

Keywords: Resilience, climate change adaptation, and urban form and design
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5.1 Introduction

Climate change has given urbanism the opportunity for exploring new possilfditist, et al.,

2014). Urban resilience isne such opportunity that can enhatieability ofurban systems to

cope with the challenges, complexities, and uncertainties posed by climate change and the ever
changing dynamics of cities.

Planning scholars are becoming aware of the neddetagshen the theoretical links between

resilience and climate change adaptation, and also, of the need to investigate their applications in
physical planning and desigBeatley, 2014Davoudi, et al., 203;3®avoudi, et al., 2012

Jabareen, 201%ennon, et al., 20)4EXxisting links remain generic, with few urban design

guidelines for enhancing the resilience of current or future developesgtllan, et al.,

2013 Sharifi & Yamagata, 2004 They also fail to offer any operational frameworks for

applying these guidelines in specific contexts (e.g., coastal settleneent®,n t hough &écon
key for determining adaptation responses and system resilience. As adaptation responses differ

by context, places, and tinthereforek nowi ng a syst e mécemerssentiab nt r e s
Specifically, urban desigantil nowindicators and variablébat gaugehe resilience of human
settlementsemain lacking alackthathinders the development of contesgecific urban

designs tha&re conducive tadaptation. Thus, this paper investigates how the spatial layout and
thephyscal design of a settlement influence its resiliencethrévaysby whichto assess this

resilience. In particular, this paper identifies then investigates a set of six urbanmeagires

that establish links among (urban) resilience, urban desigrgliamate change adaptation.

Accordingly, this paper respondsYosefJ a b a r(20&3npd Z225questions: how can plans for
infrastructure deign reduce vulnerabilities and make cities resilient? And, what adaptation

measures can address future uncertainties?

The paper first establishes a theoretical foundation for an urban design framework linking

(urban) resilience, urban design, and adaptation,ithéentifies variableshat couldpotentialy
influence the resil i enrtles aficke enbtompaases the aniqune. f Ur b a
mor phol ogi cal characteristics of a town, i.e.
the town planthe pattern of building formand land uséConzen, 1969, p.)3In other words,

this study adopts urban morphology, one of the dimensions of ueségrid, to operationalize

the proposed framework, which is then applied to Negril, Jamaica, a coastal area vulnerable to
sealevel rise in order to measure its resilience in terms of urban form characteristics. The study

uses irdepth interviews with planners @with environment professionalgho workat

government agencies related to planning, development, and climate change. In addition to

secondary information, such as maps and policy documents, direct participatory observations

were also used to collectimfomat i on on t he study Basecomthes exi st i
empirical findings, this studgroposes resiiencdb enc hmar k f or Néagir i | 6s de

10 According to Carmona et 2010, the six dimensions of urban design are the morphological, perceptual, social,
visual, functional, and temporal.
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facilitates arunderstanihg of the current resiliencef its urban form and which will alsmform
future planning and urban design initiatifes enhanced resilienaghetherfor newor for
retrofitted (coastal) urban development.

The following sections review the concept of resilience as discussed in both thecmoigy

andin the urtanplanning literatureo identify its theoretical links to adaptation. Then, based on
these links six urban design concepts associated with their indicators and variables are identified
andthentestedlyys s es si ng N e Ohe papedteen imHusdas pténtahdesgn

practices that could improw e g rresiliebce are discussed before ending with the conclusion
and recommendations.

5.2 Contemporary discourses on urban resilience

Resilience, first conceptualized by soeicologist C.S. Hoihg (1973, p. 1% i s fAa measur ¢
the persistence of systems and of their ability to absorb change and disturbance and still maintain
the same relationships between populations or
the ability of wumdaan wiydd earsr @iy ofldwhehbR@lgs and
p.164, and al so, a cityds capacit ywhichersleskdnround f |
climate changeelated extreme evenf€ampanella, 2006 Many authors have highlighted the
commonalities between resilience and adaptive capiaitysy bot h focus on a sy«
reduce vulnerability, hence, both represent antidotes to vulnergBigtley, 2014Davoudi, et

al., 2012. Securing the contions for longterm human wellbeing is the key objective of urban
resilience(Kumagai, Gibson, & Filion, 2094which represents a conceptual synthesis of

resilience and climate change adaptatagether withthe complex interactiabetween the
urbanbiophysical and hunmaagents.

The recent discourse on urban resilience refl
and insecurity about cities and a degSteade t o i
2014,p.1YUncertainty refers to fatispeevanttwthe ed | ac k
purpose or action bei n@bbotn2009 rpt58dCembiniagthel i t s owu
complex socieecological dynamics and uncertainty of a syst8mmin Davoudi et al(2012, p.

306) identify evolutionary resiliencasa sy st emds fAi nherent wuncertai:
insight into the dynamic interplayThsf persi st
evolutionary resilience, in fact, is a theoretical proposition @ftWolutionary perspective of a

society. It challenges, &arl Folke (2006 asserts, previous notions of equilibrium, including

engineering resilience (bourback) and ecaolgical resilience (boune®rward).While

engi neering resilience refers to a systembdbs ab

“"Adaptive capacity, a key concept of climate change ad:
to climate changercluding climate variability and extremes) to moderate potential damages, to take advantage of
opportunities, or t o(PEO R7, pvBPIhis closely assoociates! with otieencoreepts,

including resilence, coping ability, adaptability, and flexibilif§. Smit & Wandel, 2006 These analogous forms

of resilience are particularly important because planning literature considerthemly
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disturbancee c ol ogi c al resilience underscores the fAm
absorbed beforethe syste c han ge s (CtSs HoBirtg,r1996, p.33Ineadditionto

challenging equilibriumevolutionary resilience relies on multiple alteimatstates and

advocates for their natural transformation over tieven withthe absence @xternal
disturbancesEspecially h the context of climate chandg&isan LCutter et al(2008, p. 601

note two otheresilience qualities of a system: i) inherent resilisntyhich a systenstill

functions well during noterisis periods, whethar not it is impacted by sloanset climatic

events (e.gsealevel rise) and ii) adaptive resiliende,whicha s y sflexiihtdiscreases

during disasters includinghen it isimpaced byrapid onset climatic events (e.g. hurricanes).

Both the inherent and adaptive resilience are in fact akin to the evolutionary resilieace and

thus transformative as oppogedheengineering resilienca.€.bouncingpack t o t he sys
previous state). The |1 PCCb6s recent farwhgaort f av
areas thapromotes urban infrastructu@ gransforming abilityto cope with current climatic

eventsandwith futureclimatic uncertaintyfRevi, et al., 2014

In an attempt to pin down ignotion of urban resilienc&®obinL e i ¢ h €201K) oediesv of

the literature identifies four definitiahtracks The frstis theurban ecological resiliencehich
underscores uncertainty, the seffjanizing ability of ecological antbupled human

environment systems, and systécmmplex adaptive mechanisni$ie £condis theurban

hazards and disaster risk reductiamich representthe largest branch of urban resilieracel

which focuses on enhancing the capacity of urban systemshi@lt environments,

infrastructure, and communitieis) orderto recover from mamnade and/or natural hazaiids

climate changécluded This goup primarily considers rapighset climéc eventsand works

during and immediately after a disaster wiokerlooking measures to address sloget
scenariogCultter, et al., 2008 The thrd is the resilience ofirban and regional economics

which identifies factors that describe the diversity and growth of urban and regional economics,
andexporeswhy resilience varies across places. Lastlyfoleth trackis dedicated to the
promotion of resilience througirban governance and institutiagisence advocates different

types of institutional arrangements and local governance, such as cogbrasatl adaptation

plans that influence the resilience of the local environment and local communities. For example,
ThomasTanner et al(2009 identified several characteristics of governance, including
transparency and accountability, polycentricism, flexibility, and inclusiveness.

Theurban ecological resiliencandtheurban hazards and disaster risk reductaefinitional

tracksar e particul arl y i mp otolinkachnate Ehange addptatismdp ap er 0 <
urban design and planningrban ecological resiliencdeploys proactivexante actionghat

arebasel onclimatic models and forecasis orderto address future risks with the objective of

prevening andor redugng the impacts of futurdisastersthus,such actions entgire-emptive

planning and design strategies (e.g. ecological destgmyverselydisaster risk reduction

entails reactivex-post actionghat aretacklethe actual outcomesf particulardisasters,

including emergency responseih the objective opostdisasterecovey (Jabareen, 20)3
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The literature on climate changesilience and sustainable developmgrarticularly

recommendseante actionswhich are similar tgroactive adaptatidf, sincethey involve less

effort, energy, and cost thaime reactive expost recoveractions(Revi, et al., 2014B Smit, et

al., 200). Yet, the literature omrban resilience advocatasombination oproactive and

reactiveactionsin orderto deal with disturbances and uncertaintshetherfrom climate change

or any other causéndeed thecombination of theeactionsholds the potential tbnk urban
resilienceandadaptation through incorporatingasystems, socio economic factors, local
governancgand communitypased adaptatioMoreover thes e  a ctheoreaticalsadd empirical
connections to urban desigemainas yet unexploretla feat that thiarticletacklesthroughthe

proposed theoreticllamework Inor der t o establish this framewol
following sections reviewhe concepts, measuresd framework§ or assessing a co
resilience.

5.3 Insights on resilience in the age of climate change: a review

Climate chage-related esilienceremainsa relatively new concept in urban planning and design
(Davoudi, et al., 2034.ennon, et al., 20)4Nevertheless asilient systems and communities are
regarded as less vulnerable to disastausin order to &lidate this assumption an apply
resilience in the cdext of climate changearrants firstly, amunderstandingf the determinants

of resilience andecondlyan operationalization mechanism of these determinants that facilitates
theirmeasurment/assessmemainenance,and enhangaent(R. J. Klein, Nicholls, &

Thomalla, 2008 From socieecological infrastructural, and planning viewpoints, community
resilienceencompasses numerous indicators and varialaleégit not necessarilylirectly

related to urban design and physical planninghis article, we argue th#te underlying

concepts obperatonalizingcommunityresilienceare intelinked withurban form.n the
subsequent parts of this section therefore wethelkurrently existingesilience indicators and
variables with urban design approaches that promote flexibility, adaptability, alternative stable
states, and transformabilitigat we argue are alsmalogous to resiliende its oppostion to
permanency, rigidity, and stabilifideatley, 2009Davoudi, et al., 203;,Z5underson & Holling,
2002 B. Smit & Wandel, 2006

5.3.1 Understandingcommunity resilience: a socicological viewpoint

Several authors have identified what they cosisas fundamental processes for achieving
resilience, including: ecosystems, livelihood outcomes, and institutional arrangéRlientmer
& Armitage, 2007. KathleenTierney andviichel Bruneau(2007) highlightedhow some
resilience frameworks for natural disaster reductioderscor@ngineering systas that foster
resourcefulness, redundancy, robustness, and rapidity attempto reduce the likelihood of
failuresin a manner akin ta bounceback modelYet, these frameworks often overlook a

12 proactive adaptation, as preparatory planning, ocbefere climate change impacts are observed, whereas
reactive adaptation occurs after such impacts become eyiledtein, et al., 2001L
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communityds values and tylam resilemcéCluttercet ad., 2908t e md s

Furthermore, to measure and monitor the resili@i@socieecological system over time,

organizations have used critedarived from variousispects of human settlementisether

natural, socieeconomicorp hy si cal . For exampl e®(u132630)lUNSO S Se
underscorestrengthening the resilienterough the managementfafisasterrisk (i . e. r i sk
redudion) rather tharthe management of tltksasteitself (UNISDR, 2015. Theefore, the

Sendai Framewor&onsidersex-ante(proactive adaptatiorgctionsthataddress disaster risk

factors more costffective thararelianceon expost(reactive adaptatiorgctions Yet, early
preparedneshrough exante actiosalso facilitats ex-post actionsincetheypromot a

Abui |l di ng agp@act whicke is theetto @f engineering resiliencBurely, he Sendai

Fr amewor kds priorities fotherfrgmevoksedommeadedbgma pt at i @
array of wganizations likeghe joint report by the Asian Disaster Preparedness Center (ADPC),

the United Nations Economic and Social Commission for Asia Pacific (UNESCAP), and the

European Commission Humanitarian Aid at the regional I@MePC, 2006§. The World Bank
underscoresommunity participatiomndpolitical engagemerdlong with exante actiongJha,

Miner, & StantorGeddes, 2013, p. 39n fact, mostheseframeworks suggest pladmsed

actions that ensure community participatibatbuilds local understanding and imprave

resilienceto the extenthat gacebased action isonsidered aneasure of the resilience of a
socicecological system.

Building on placebased actionsSusan LCultter, et al(2008 devised the Disaster Resilience Of

Place (DROP) model tassessesiliencein which local antecedent conditions highlight place

specific multiscalar processes occurring within and between natural systems, social systems,
built environments, and a ¢ o mmuthatcolligcively i nher en
presentoaofisnapsme or @Accarding talROR disasterimpacd ( p. 6 02
representshe sum otheseantecedent conditioriegether withthe characteristicsef the
eventdisasteandthe coping response&mbedded within the latter is thecal absorptive

capacitythat holds the potential tnoderate h e ecureufativé is\pactsvhereabsorptive
capacity refers to the communityods ability @t
r e s p o(Guter, £tcal., 2008, p. 6RAJnlike adaptive capacity, which deals with both

anticipatory and reactive adaptation actions, absorptive capacity is concerned only with

anticipatory responsesvhether climatic or nowlimatic. Likewise, Rajib Shaw etal. (2009

and Jonagdoerin et al(2014 developed Climate Disaster Resilience Index (CDRI) to measure
resiliencerelated tohydro-metrological disasters.¢. that ensue frorfloods, droughts, cyclones,

13 The Sendai framework for Disaster Risk Reduction 22030, adopted at the UN World Conference in Sendai,

Japan on March 2015, builds on the Hyogo Framework for Action ¢20@5), which provided guidance to reduce
disaster risk and has contributed togress towards the Millennium Development Goals. This recent framework

sets strategies to meet global targets of risk reduction related to environmental, technological, and biological hazards
and risks. Investing in disaster risk reduction for resilieneenmjor priority of the Sendai Framework.
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and rainfall-induced landslideamong othensandwhich includesnatural, physical, economic,
institutional, angohysical variables. In Tabk1, we summarize these frameworks along with

their indicators and variables. In general, these frameworks highlight disaster preparedness and
incorporate exante or expost actims to reduce climate change risks, particularly those that

ensue from rapid onset climatic evertéhough, not alithevariables are directly relevant to

urban design and planningpte variables that rekato enhancing the resilience of thlkysical
environment willinfluence urban formsuch ashe physical infrastructure sector that bears a

strong impact on the morphological attributes of urban fahraugh impacting factors like

street connectivity (Tablg.1). Moreover, this sector prioritizéscal and goabriented actions to
tackle natural disasters posed by climate change. Thus, physical infrastructure indicators measure
resilience only in relation to an expected natural hazard and associated impacts and focus more
on defensive strategiesrengthening structures for instance, than incremental transformability

to cope with unknown circumstances.

Table51 | ndi cators and variables to assess a comn
Frameworks Indicators Variables
Integration with Wetland (increase/loss) Increase or loss of land area over time
nature Erosion and land degradation ~ Annual average rate

Porosity of built infrastructure

Percentage of impervious surface

Biodiversity

Extent of local species

Ecosystem services

Extent of preserved ecosystems

Social wellbeing

Demographic profiles

Populationr number, age, healtiender education,
among others.

Social capital and networks

Community valuecohesion
Faith-basedorganization

Equity

Access to transptation, resources, and services
(health care, educatiod, etc)

Livelihood protection

Amounts of livestock and working animals, tools,
and seeds

Cultural protection

Culturalandheritageresourcesnd religioussites

Economic strength

Employment and assets

Household income, single sector dependency,
property values, and business size

Community disaster reduction
fund

Amount of resources and accessibility to them
Financial protection, subsidies, and insurance
availability

Public-private partnerships

Institutional capacity

Institutional networks

Degrees of collaboration and coordination at
different layers

Disaster management

Progress of risk assessment, mapping, managem
and preparedness plans

Enforcement capacity

Application of zoning and building regulations

Governance and local competen

Political fragmenting

Involvement of communities in disaster managem
process

Knowledge dissemination and management
Early warning

Local understanding of risk and preparedness
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Urban form and Protection strategies Number of defence structures (e.g., in coastal are

physical Lifelines and critical Age and quality of infrastructure (electricity, water
infrastructual infrastructure supply, sanitation, and solid waste disposal)
attributes

Transportation networks Accessibility of roads

Connectivity of internal road network

Quick and safe evacuation
Residential, commercial, and Establi shmentsdé age, s
manufacturing establishments  Construction and design safety

5.3.2 Understandingpgr ban f ormés resilience: planning an

The emergence of the term resiliemseelatively recent in the urban design and planning

literature and practice. We argue that at least six concepts, namely: ecological sensitivity, multi
functionality, polycentricism, redundancy, connectivity, and indeterminacy, that influence built
envmnment 6s resilience have already existed wi
landscape ecological urbanism and mat urbanism among others.

To begin with, N.Joha br ak en & s o, ,vbichenzergedias atresponsete
alienation ofendusersandto the rigidity ofmodernistarchitecturalayouts, hence, advocated
for theneeds and preferenceksendusers througffiexibility and diversity in the design of mass
housingafterWWII (Ellin, 1999. By considering future socieconomic and personal changes
asunknowable, uncertain, and variabéad by underscoring futureeeds for technical
upgading open architecture thus distinguishetween the structurally fixed and durable
supports (or hard elements) ahé urdetermined and changealntefills (or soft elementsjN
John Habraken, 1972Thus, open architecture facilitates in achieving adaptability and fit; a
well-adapted place represents the well fit between form and function, as Kevin (@&
noted.Open buildingKendall & Teicher, 2000and flexible housingSchneider & Till, 200y
emergedater fromopen architecture. At therban scale, open architecture promotes
polyvalence omulti-functionality where the urban form is designed to accommodate multiple
functions(Hertzberger, 19911 eupen, 2006that PeteAllan et al.(2013 and AyyoobSharifi
andYoshiki Yamagatg2014) laterredefined as the ability of urban form to accommodate
mixed-usesspecifically with the objective adnhanang urban resilience.

Secondly, agroupof i mostly landscape architeckeave been advocating fecological design

and planningo becomehe basis for urban form thatin harmony with nature and that respend

to environmental chand&teiner, 2011 Buildingonl a n  Mc (%9 Bedign with Nature

landscape ecological urbamsinderscorescological sensitivitypy consideing theeco

systenis componentss the fundamental blocksr urban developmergin lieu of the

morphological components)thate s pond t o At empor al change, tra
S u ¢ ¢ e A&ldheim,2006a, p. 39Thus,projects based dandscape urbanigsins pr i nci pl e
reflectthe indeterminacy anitlix of contemporary urbanism while deploying ecological

functions as catalysts for urban wellbeifdnis emphasis oacological resiliencéhrough
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ecological desigandgreen infrastructurby integratng natural and human systeryiglds

Afecol ogical |l y $a utnedr nid eovfetl eonp meesnet dd aimalilee r c hange ak
devel opment 0 or fAecol ogilLelg199lyp. @)BSurelpndacalogitall e 6 d e
sensitivityenhancess s y sabil#gyrtodsgrvive disruptionand enablesitt o adapt t o th
irreversible, unpredi ct ab(Freitag, Abracisorg Ghglana,i& g c¢c han
Dixon, 2014, p. 334

Akin to McHarg,Allison S mi t h (@94 asurbanismis extrapolated from mat architecture

wherethe onrgoingfunctions and events configispacesAccordingly,mat urbanism
underscoremdeterminacythrough flexibility, continuous evolution over time, the absence of
boundaries, and throughthe &8 i ve i nterstitial spaBd&knor AfAthe
2001, p. 12R Mat urbanism also promotesodularity throughclustes andconnectivitythrough

the stems between themhere such stems may refer to geeet networks, or tihe weaving or
knotting together of the | andscapebds componen
the natural surfacdgshe tree canopy, the tthsurfaced roads, the undergrowth of the rambles,

the springy mat of the lawh®ach support distinct and interrelated functions that make up the

vari ed s odS. Alén, 200d,pl1893g y 0

Building on this notion of functional linkagesonnectivityinac i t yds spati al orgar
street networlenhances its resilience whishachieved irthel g iranaform whose horizontal
surfaceexpansiorconforns to preestablished regulatiorf€orner, 2006Smets, 200 In fact,

within human environments these regulation allows differentiation with connectivity and creates
hierarchical structures while simultaneously linking all sc@lshaffy & Salingaros, 2015

Such preestablishedagulations may alsimcludeadaptation strategiegheterfor rapid onset

events guch aevacuation plang)r for slowonset eventthat entailong-term changes. For

example, the Seine Riv&auche development in Padsploys the grid as@herent urban
layoutthatexhibits predetermined ways to attaiexbility without impeding future

opportunitiesor changes. Additionallyd ue t o t he ¢ o mbcommectiviyand of t he
modularity, a failure ofany part othe systemprecludesmpactingthe safetyof he sy st emoé s
ot her par iod .a idédiassn fattbecdbnapopularnotionfor sustainable and

resilient developments, particularly in landscape de@Mpern, 2011 Lister, 2007. Safeto-fail
alsopromotesedundancyandpolycentricism(or distributed systemRedundancy is associated

with modularity since it similarly entails damage to some parts instead of the wiitde

polycentricism distributes the risk across a wide area and aidnafrsystens. Together

redundant connections apdlycentricsystemgeneratalternative thatfunctionas backup

plans whemesponéhg to rapid onset climatic eventus theyenhanceesilience and address
uncertainty(Sharifi & Yamagata, 2014Nalker & Salt, 200%

StanfordAnderson(1978 delves further into uncertainly througideterminacyby identifying a
triad of urban domainbased on potentiahamely: exploited potential, recognized but
unexploited potential, and unrealized potentialaAsnnate design featyredeterminacy
incorporateshe latter two potentialand refers tarban spaces and building$iose purposes are
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not predeterminedn order toenabé urban forms ta@ope with uncertainty bgccommodang

functionsas they arisvhether they ensue frorapidor slow onset climatic eventsor

exampleMoudord £1986 study of San Francisco identifiandetermined spacesth yet

unrealized potentiahatare generated by the accidental interseatfarregular streets and

which allow adjacent communities to accommodate thasingneeds. More recentlfRob

Roggema et a(2012 have associated suahrealized potentiapacesith the existing urban

nodes of Dutch cities, whiwlihos$é&eqghbgdidatebiede fiius k1
copingwith rapidonset climatic events by accommodating a variety of functions during and
immediately after a disaster like debris collection and emergency shelters.

In summary, the review of resilience thinking both from s@wological and planning

viewpoints reeals that while they recommends a few similar approaches (e.g. ecological
awareness), their objectives differ fundamentally. For example, theeoaliogical frameworks
advocatepredictand-prevent approachethat focus on early preparedness and recoxetipns
primarily related to climatic extreme events. More specifically, these frameworks have yet to
consider three important characteristics of adaptation and/or resilience thinking. First, they
generally underscore rapid onset climatic events and thassthe capacity to cater for gradual
and longterm changes that are needed in the process of coping with climate change and
uncertainty. Second, they involve preventive strategies for dealing only with impacts predicted or
experienced, thus overlookingdinect climatic impacts and uncertainty. Last, they include
actions only to protect communities and infrastructure from disasters, following a Hmacice
model, but fail to exploit the potential benefits of a changing climateey attribute of

adaptatio. In contrast, planning and design viewpoints essentially considertainty
orientedapproachego deal with relatively longerm coping ability of built environments
(except Roggema et al . od6s propositicecmthjee I n ot h
shortcomings of soctecological frameworks while promoting peenptive approaches deal with
gradual but primarily nowlimatic events and adopting bourdceward resilience, similar to the
absorptive capacity of a soesmological system. The plaimg literature generally highlights the
innate design potential of urban forms to be transformed incrementally over time to cope with
uncertainty albeit not directly related to climate change but pays little attention to rapid onset
events. Tabl®.2 compres the resilience thinking between the s@dological and the urban
planning literature. Against aiming for this enormous adaptability and resilience, (39&h,

pp.174179war ns us that nAdesire for iIincreased mani
gualifications: never so easy as to threaten psychological continuity avagb difrrange as to
unl eash unmanageable soci al conflicto.
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Table5.2 Resilience in sociecology and planning literature

Literature  Types of Application Focus Adaptation  Primary concerns
resilience strategies (potentials)  types
(conceptual) (resilience)
Socioc Bounceback Predictprevent Rapidonset Proactive Emergency preparedness,
ecological approach and reactive recovery actions
Planning  Bounce Incremental Mostly slow Proactive Ability to cope with
and design forward transformation over onset unknowncircumstancegnot
time related to climate change)

The adaptations, recommended by the IPCC regarding urban settlements consider a balanced
response betweergtante and eypost actions, and slow and rapid onset events; however,
priority is given to the longerm transformability of city forms to enhance resilie(iRevi, etal.,

2014). Since the details of rapid onset events remain unavailable, particularly at the level of a
city itself representing complex interactions among many biophysical and human agents,
planning city infrastructure and resources to seek only toeceegredicted climatic impacts

without exploiting other potentials is undesirable. Therefore, integrating concepts from both the
sociaecology and the planning literature, particularly those are related to attributes of urban
forms, would help achieve tlmlance.

5.4 An urban design framework to measure resilience: concept, indicators and

variables

The key objectives of resilience discussed in the urban planning literature are: i) to cope with an
unknown future, not necessarily resulting from climate change, and ii) to promote the physical

and functional ability of urban forms to respond to incremlerttanges in both the natural and

the human systems. Thus, these objectives adj
moving toward ecological and evolutionary resilience. While both the ecological and

evolutionary resilience address slow einsvents, their capacity to handle rapid onset events is

limited. However, in responding to such events most secodogical frameworks include

protective strategies rather than evolutionary ones and emergency disaster management and often
exclude physial planning and design interventions (Table).

Thus, to overcome this limitation and integrate different forms of resilience and adaptation
discussed across disciplines, this paper proposed a comprehensive framework consisting of six
concepts founderstanding and measuring resilience of urban form. The selection of these
concepts entails their urban design potentials that influence the resilience ofaunbarhile
simultaneously balancing reactive and proactive adaptations andasiwbtongterm planning
responses. Figufel plots them into a conceptual resilieramaptation framework to understand
their scope.
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Figure5.1 The six urban design concepts and their relation to adaptatresilience

Although these concepts may or may not be directly associated with urban form, they may
enhance urban infrastructure resilience to climatic uncertainty. Drawing on the potential links
between shaping urban form and building resilience,elaBlidentifies possible indicators and
variables that influence the transformability of built environments, as in evolutionarily resilience

advocacy.

Table5.3 The urban design framework and its gatiables and measures

Sources
Concepts Brief description Indicators Variables Socio Planning
ecology and design
Ecological Incorporates ecosystems Ecological Amount of areas (Cutter, (McHarg,
sensitivity into design and planning  conservation conservedind etal., 1969
to promote longerm Impervious urban  their conditions 2008 (Sharifi &
resilience of built surface Floor area ratio Joerin,  Yamagata,
environments to cope witt Open or green Size of building etal, 2014
variability rather than just areas footprints 2019
reduce it
Multi- Includes design Mixed-uses and  Mixed land use: (Walker (Jacobs,
functionality opportunities to variability both in human and & Salt, 1961
(polyvalencg¢  accommodate several ~ Spatial natural system 2009 (Cadenasso,
programmatic heterogeneity, Land uses avoiding etal., 2013
requirements over time  Variety of disaster prone arei Sharifi &
while involving no/few buildings Building ages and Yamagata,
additional resources Adaptive land use density 2014
Polycentricism Pr o mo t etsf afislac Polycentric urban Degree of (Walker  (Batty,
(distributed/ approaches that spread o form and land decentralization ~ & Salt, 2001 Lister,
modular risks of a system spatially use, (e.g., water supply 2006 2007,
system) and temporally without ~ Potential of street and energy) and Moudon,
affecting other parts of it. networks (grids)  their 1986
It thus discourages to support independencies Smets,
centralizedsystems. distributed 2009
system
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Redundancy Advocates multiple Adaptation Number of (Low, (Allan, et

(diversity) components of an urban  strategies adaptation Ostrom, al., 2013
form for serving the same available measures taken ~ Simon,  Sharifi &
or similar functions to Diversity in (e.g., presence of & Yamagata,
prevent collapse of whole physical sea walls) Wilson, 2014
system if one part fails infrastructure Number of 2903

Evacuation alternative Tierney
routes/plans sources/services &
Infrastructure (water, energy, Brtér(l)%a
redundancy waste U L
management,
evacuations, etc)

Connectivity ~ Enhances accessibility on Street Block size (Cutter, (Allan, et

(permeability)  various scales, facilitates connectivity, Number of node etal, al., 2013
disaster management anc  smallblocks, pedestrian and 2008 Sharifi &
emergency evacuation, pedestrian route  vehicular Joerin,  Yamagata,
and maximises Accessibility to Proximity and etal,  2014)
development opportunitie  evacuation routes  visibility of 2014
to incorporate longerm (disaster plans) evacuation path
change

Indeterminacy Highlights flexibility and  Ability of urban Type and range of (Corner,

(openness) innate potential of urban  form during functions (or 2006 N
form through planning emergency potential) served John
and design; transforms as Transformability = The extend of urbar Habraken,
needed to cope with to address form to change 1972
uncertainty unknown (physically or Roggema, et

circumstances functionally) al., 2012

5.5 Casestudy and methods

5.5.1 Geographicafocus

The case study focuses on Negril, a small aity 0J a ma i ewash castandronelof the

mostpopular Caribbean tourist destinations (Figbl®. Its tourism industry alone contributes

over 5% to the national GDP. Long Bay, asemen| e transect of -Nieggril 6s
area, has experienced climate change impacts including beach erosion in recent decades. Based

on historical data, &ecent technical repof€CEAC, 2014conf i r med t hat Long Ba
which is higher than its neighboursé, ranges
only from sedevel rise (Figuré.3). Several agencies provide planning and design

strategie- predominately focusing on coastal protectibro enhance Negril 6s r e
climate change. This study investigates those strategies implemented or proposed for designing

of urban form and how they influeente the resi
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5.5.2 Insights ofadaptationplanning

Empirically, this research began with sestriuctured irdepth interviews with planning, design,

and environmental professionals directly involved in local physical development to tackle

climate change impacts. Intervieegewere selected using both purposeful and snowball

sampling approaches, and interviews ceased when the investigation reached satlmaiom

new information was emerging. Firstly, relevant agencies and divisions were identified through
reviewingwebdsies and consulting with the researcher:
professionals, including local journalists, graduate students, environmentalists, who helped
identify suitable contacts for this research.
plaming and development decisions for the entire island, the researchers began meeting people
representing these incubators during the fieldwork in 2015, then those in Negril. Sixteen
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professionals were initially invited by phone and/or email and requessiéite contact

information on peers who could also contribute to and support this research. This snowball
approach resulted in interviews with 19 professionals, in total, with 16 years experience on

average. Tabl& 4 lists their departments and locatiolkst sessions encompassed an hour

long in-person discussion highlighting i) climate change in Negril, ii) adaptation planning

strategies and challenges, and iii) the six urban design concepts for enhancing and measuring
resilience in Long Bay. However,rte participants discussed the two former topics in the

context of the entire island and were reserved in responding specifically about the study area as
they were not fully aware of Long Bayodés buil't

Table5.4 The agencies that considered for the interview

Agencies Agency Head office Local office
types (Kingston)
National Environment and Planning 6 6
Agency (NEPA) Govt (Enforcement branch, Negril)
Urban Developmentorporation (UDC) Govt 0]
Ministry of Water, Land, Environment & Govt 0] (0]
Climate Change (MWLECC) (Negril Green Island Local Planning
Authority) (NIGALPA)
Office of Disaster Preparedness And  Gowt 6 6
Emergency Management (ODPEM) (Westmoreland parish)
Negril area Environment protection trust Non-Govt (0]
(NEPT)
Jamaica Hotel and Tourist Association Non-Govt 6
(Negril Chapter)
National Best Community Foundation = Non-Govt 0]

5.5.3 Observed scenarios

With the formal interviews, this study used direct observation to clarify, document, and compare
the current scenarios for Long Bayds built en
dimensions. In support, urban morphological information was collectedthe Mona

Geoinformatics Institute at the University of West Indies and the National Land Agency of

Jamaica. Local people and tourists also informally shared observations about changes to the

coastal built environment.

5.5.4 Data management and Analysis

Interview data were transcribed into text, and observations were documented using field notes,
photographs, and relevant software (e.g., AutoCAD), integrated with secondary urban
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morphological information. This study followed a structured and-gffieient approach,

recommended by Crabtree and Mil{&B92, which includes a priori coding system and content

analysis to encode and organize the interview data and develop ttraretay & Muir

Cochrane, 2008 A t heme refers to fAia pattern in the I
organises the possible observations and at maximum interprets asppects he phenomenon
(Boyatzis, 1998, p. 1§1To facilitate coding and interpretation, interview scripts were classified

as dealing with i) c¢climate change threats to
vi ewpoints on adaptive designs of Negril ds wur
measure Long Bayodés resilience. Next, the resu

weighed qualitative values that were then triangulated with physical information observed and
obtained el sewhere to ensure the studydés val.

56 Long Bayds urban form and vulnerability

Jamaicans are very aware of climate changeods
is not right now associated with natural or normal rain falls; it is really a climate change

p h e n 0 ma regpandent stated. Beach erosion is a major threat, and different sources confirm

t hat Long Bay, one of Jamaicabés fastest erodi
average of 0.8 m/yeaiCEAC, 2014 Veira, 2014. Moreover, extreme events severely impact

Long Bayo6s coast mltourismindustry. &coowding t@thenRCE tepod, more

intense extreme events are expected globally, although their frequency might be reduced. Intense
events (e.g., category 3 to 5 hurricanes) have increased locally, with surges ranging between 1.2

to 32 m (Figures.4) (CEAC, 2013.
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Figure5.4 Hurricane records of categories 3, 4, and 5 passing within 300 km of Negril between
1851 and 2012adapted from CEAC, 20}4

Interviews revealed that local climate change issues are interrelated @G-Buend thus
solutions require integrated planning and dev
emissions of carbon dioxide has been calculated at only 0.02%n)gdt6th worldwide in 2012
(UNFCCC, 2015 Impacts attributed to global climate change (e.qg., rising sea temperature and

ocean acidification) and anthropogenic actions (e.g., sewage pollution and illegal farming in
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wetlands) have collectively contributed to the degradaifaroral reefs and sea grass beds.

These marine ecosystems would normally reduce wave energy, facilitate sand production, and
increase ecological resilience. Now, both local communities and ecosystems are at risk, with

Long Bay experiencing greater beacbston. Tle increasing intensity of rap@hset events has

al so affected Negril s coastal settlements, a
sewage treatment plant (in Sheffield) dramatically reduced sewage pollution; however, only

limited efforts have been made to control other accelerating climate change risks.

Drivers Catalysts Results
Sea-level rise
Global , Hd
+
2 climate change Rise of sea surface temperature
Increased storm and flood events —
s ' '
+ — Degradation of reefs — e?gsai%t:'l
Degradation of [ 2l iissesaaaracs g
ecosystems o 9
% Malfunctioning wetlands
T+ ++
Removal of sea grass — Thrleats to
Anthropogenic : ++| people, assets,
.| actions Water pollution economy
Poor waste (sewage)
management —
++
_E Inadequate setback E——
_— +
Increasing density _—
Planning and urban Lack of evacuation plans ____%
design related actions Lack of enforcement ++
Small building footprints ——=5
L The breakwater projects ———%

Figure55 Long Bayds interrelated proble
Note: (+) indicates the increase of vulnerability or its causes, whépeagéngheir reductions

Lack of preparedness through planning and design amplifies these problems. As Freitag, et al.
(2014) argued, conventional preparedness andipester planning (i.e., anticipatory adaptation)
begin with anticipating hazard scenarios flea¢cast likely climatic events and estimating their
impacts on built environments. Responses include reinforcing building/structures (i.e., with hard
engineered constructions and bounce back models) or relocating structures from hazard prone

areas (i,er et reat). Jamaicadbs government i-s about t
adaptation approach, one mile offshore, despite locals awareness of its negative impacts on
ecosystemNeverthel ess, the projectds aavdarnmenitpat ed
expand tourism and raise buildthgight restrictions by one floor, thus increasing density and
consequent revenue. Local pl anners argued for
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precede this development as the area is highly vulnet@skslevel rise. Against a legal

setback of 45 m, existing buildings are very close to the sea, on average distance of 15 m from
shore. New or retrofitted properties adjust their buildings to improve the setback. For example,
recent renovations to Verab Negril (previously Merrill Beach Resort 1) included partial
demolition of old buildings to increase the setback (Figus® Such adjustment is still possible

for properties with low density and small buildif@ptprints. As retreat/relocation is imgsible
without sufficient room, respondents have advocated stilt developments and innovative design
strategies, including amphibious and floating developments, and improved reinforcement of
building codes. The following sections discuss the six urbanmgaigables used to measure
Long Bayodés current resilience and thus i mprov
opinions.

Figure5.6 Increasing setback: Veraclub Negril in 2Q1eft) and in 2015 (right)

57 Measuring Long Bayds resilience

5.7.1 Ecological sensitivity

Degradation of marine ecosystems has reduced their natural ability to lower wave energy and
produce sand f oS3evelaresats laeeadogsted bda@atidn strategies using
ecology and ecosystem services, including providing substrates for colonizing reefs, which align
with ecosystenrbased adaptatiafphar & Khirfan, 2018. The Town and Country Planning
Provisional Order for Negr{2013 also recommends enhancing and maintaining healthy local
ecosystems. Most respondents agreed the trends toward small building footprints permits more
open areas, providing room for local vegetation and pervious surfaces that daafease s

runoff. For example, blue mahoes (ildibiscus elatus sea grapes (i.eGoccoloba uviferg and
mangroves can reduce storm impacts by cutting wind energy. Sea grapes are widely preserved
and planted across the bay, and local people and profalssare aware of their benefits (Figure
5.7). They also agreed that ecological and landscape design features, such as bioswales and
streetscapes, minimize flood and surface runoff impacts and reduce pollutants during heavy rain.



Figure57 Sea grapes protect Long Bayods built en

5.7.2 Multi-functionality

Currently, Long Bay supports mixed land use, including tourism, light commercial and

residential developments, but resortented developments dominate. When asked to speak

about sedevel rise and its impacts, local planners considered retreat (e.gngvstructures

away from existing or potential hazards) as the ultimate option. Considering future risks and

beacht ouri sm, they advocate partial retreat, per
accommodations to safer places, e.g., nearly SheffieldeMer, the existing Long Bay area

could still provide light commercial and entertainment activities, e.g., bike rental and souvenir

shops, restaurants, and bars. Tourists would enjoy the beaches and these activities only during
dayti me. B a s eadying capatity, eurremtrlamchuges and proposed development

polices need to be flexible enough to adapt to future needs.

5.7.3 Distributed systems (polycentricism)

Distributed systems can be conceptualized as spatial classification of an adearbaseous
infrastructural facilities. Long Bayods | inear
Manley Highway, and centrally managed urban amenities and services, including electricity,

waste management, and water. Even partial damagwgy tof dhese services makes the entire

area vulnerable. For example, a 2010 flash flood impacted the highway and resulted in the entire
area being inaccessible for ten days. The centralized layout results from the topography and
prevailing development pattes. Yet, a few local planners believe that with additional physical
infrastructural networks, the entire area can be divided into several zones (modules); however,

their integration is also necessary (Fighi®). Many recommended a centrally managed gewa

system to reduce operational costs and resource use.
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Current dependent systems Conceptual networks for enhancing
polycentricism (proposed)

Figure58 Long Bayo6s current polycentrism a

5.7.4 Redundancy

Redundancy is useful, particularly in dealing wilpid-onsetevent impacts; it offers baakp

and alternative strategies, services, and infrastructurardaafeo-fail andenhance passive
survivability** duringemergencyeriodaftera disaster. Local professionals report that Negril

has such redundancyiis telecommunication system; latides may substitute for mobile

net works or vice verse. Long Bayods urban form
centrally managed water and waste systems. The government is now promoting solar or

renewable eneggsources to reduce dependency on the national grid, and also rainwater

harvesting at the individugdroject levé. However, renewable energy plants are evident only at
Rickdés Cafe in the West End and the &l esta Ho
fuel-driven generators act as bagi for everyday use, not just emergencies and emit greenhouse
gases. Local planners agree on the potential benefits of redundant systems but are concerned

about the additional resources needed. Fi@dlustrates he ar easodés dependenc
system and an alternative layout to improve redundancy.

14 passive survivability refers to built environmérg  a thatolffarstcrijical life-support conditions for its users for
an extended periods even without basic amenities during or immediately after er ¢dsaatilson, 2006.
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Long Bay's current systems Approaches to increase redundancy

Figure59 Long Bayds existing infrastructure

5.7.5 Connectivity

Long Baydés current spati al | ayout | acks
publicly inaccessible from various places, including the highway. Local professionals
recommend paths or walkways parallel to the highway, to increase connduivisen
buildings and properties and so facilitate both emergency evacuation and recovery actions
(Figureb.10). Street networks could connect the potential polyvalent spaces along the bay
provided by properties and so accommodate people during emegidncaddition, they would
enhance soctoultural tourism while hosting current street/beach vendors.
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The Norman Manley Highway

Q_—_500m o

Inaccessibility of current infrastructure Potential pathways for sharing resources
and supporting evacuation plans

Figure5.10 Multi-l evel connectivity enhances Long

5.7.6 Indeterminacy

Currently, the Negril Planning Authorityo6s co
shelter. The two public beaglarks at opposite ends of the bay could also act as temporary

shelters for people at risk and help recovery actions by piling up budeéings and seaweed.

Hardly any similar open spaces are available within this selenbay (Figures.11). Local

professionals recommend that during disasters everybody should move to emergency shelters;
however, moving is not mandatory in Jamaica, @&siit Cuba. Thus, respondents recommend

that each hotel have its own emergency plans, including emergency shelters and evacuation
paths, integrated with the areads anticipated
in permanent structurelse polyvalent, and be situated above predicted ssomge levels (i.e.,

3.2 m). A few hotels, e.g., Travellers Beach Resort, have already addressed the need for

evacuation and shelter and made their lobbies (as polyvalent spaces) available during

emergenies. Additionally, current lowise development (e.g., temporary structures along the
beachfront) and small building footprints hold potential to incorporate such flexible spaces and

to support future development decisions based on climatic uncertainty.
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emergency shelter

Designated spaces Potential strategies to

for emergency uses increase indeterminacy

Figure511 Long Bayods current indeterminacy
Il n summary, empirical evidence confirms that

resilience and fail to incorporate ecological design and sufficient redundancy (FitRiresven
though one respondent c¢l aims that fAin general
redundancies...in terms of physical, economic
there is clear potential to enhance resilience (Fi§@&.11). So far, thedcal adaptation

planning predominantly includes strategies to reduce the direct impact of climate change and
facilitate recovery actions, but consdamier s Lo
and highly acceptable. These strategies aimaimtain this state or return to it after any

disturbance (i.e., similar to a bourdoack model) rather than to increase its inherent and

transformative abilities so as to cope with ldegm uncertainty. For example, the breakwater

project, a protective nasure, represents resistance but not resilience; however, integration is
essential in adaptatid® t e a d -&okT281Q.aNthat will happen after the lifespan of the

project or if it fails is still uncertain. In enhancing overall resilience, thewmgurent is

reluctantly implementing and enforcing other adaptation strategies-(ahdrtongterm) in

terms of physical planning and design, including setbacks and evacuation plans, and stilt
developments, but simultaneously and paradoxically exposing psmple and assets by

approving more density.
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Figure512 Long Baybés current resilience base

5.8 Conclusiomns

Climatechangeposes enormous challenge to human settlements, with effects ranging from
shortterm emergency recovery to lotgrm changes and uncertainty. In general, adaptations

related to thelesign of physical infrastructure so far consider engineering resilieacea(i

bounceback modéland deal primarily with rapidnset events. Most coastal areas like Negril

still depend on this model, which usually ignores the ecology or evolutionary form of urban
resilience that advocates for incremental transformationyabfliirban form to tackle climatic
uncertainty. Assessing an areafds current resi
essential for informing future adaptation planning. Successful adaptations often integrate socio
ecological and physicaharacteristics, relying on unique local features (e.g., resources and
technology available) that could enhance resilience not only to absorb observed direct climatic
impacts (e.g., slow and rapid impacts) but to tackle-tengp uncertainty occurring

incrementally and indirectly. This assessment can even facilitate generating speteifit

urban design guidelines to nurture the unique potential of an area. The proposed six urban design
concepts and their variables provide a framework for assessingrresifrom the point of the
complexity between urbanization and seetmlogy systems challenged by climatic change.

The underlying foundation of the proposed framework connects different viewpoints of

resilience discussed in soagology and in urban @hning literaturehitherto isolatedand

explores theoretical links to contribute to climate change adaptation. Overall, this integration
advances resilience discourse and potentially links to sustainable development so as to address
theoretical shortcomirsy As Roge(2015,p.63ar gu e d: i nt er a@dological fibet we
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sustainability, and discourses of disaster pr
yet to be achieved. These concepts provide urban design guidelines, albeit narrowed to the Negril
context, for design and planning professionals and relatexy poakers to best use them on a

local scale. These concepts and their associated variables, identified ing3gare essentially

abstract and contefttee and thus can be generalized and applied to similar contexts and

situations.

Thus, thispaper advances the understanding of conceptual and practical links among urban
resilience, urban planning and design, and adaptation, for use in measuring and improving the
resilience of an area through design for an unknown future wpiimizing resources a
sustainable manner.
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Chapter 6 : Synthesisand Conclusiors
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6.1 Introduction

This chapter begins by presenting the significant findings of this research in relation to meeting
the research objectives. As mentioned previously (in Chapter 1), this dissertation includes four
standalone manuscripts. The following sections discusb#uikground of and rationale for

these manuscripts while sequentially investigating the research questions and highlighting key
lessons learned from this research and potential contributions from the Caribbean and global
perspectives. Eventually, such lessdead to a discussion of several possible directions for
future planning research visevise linking resilience, adaptation, and contemporary agendas on
climate change and sustainable development, followed by concluding remarks.

6.2 Study synopsis:adaptation is a process

For Negril, an integrated plan is highly recommended, one that combines several adaptation
strategies, including hard engineering to soft ecosystem based ones and urban (ecological) design
strategies that promote resilience andifidity. The future adaptive urban form would reflect a
fusion of these approaches, even thoadaptatiorvaries depending on the degree of

vulnerability and exposure of a system to climate change. Most importantly, this integrated
approach should begby incorporating local preferences, resources, technology, and knowledge
available to operate and maintain the system over timsuistainable manndn doing sofor
exampleJandscapecologicalurbanismprioritizes ecologybased approaches for plangiand
development and certainly facilitategch strategied his dissertatiomighlights theincremental
transformabilityof urban forms sthat theycan be changed tmdresshe complexity and

challenges of urban systemaupted with climate change

The explicitgoal ofideal plannings to facilitate realvorld decisiormaking(Fischer, 201p
Similarly, good daptationlies in its processs notin its outcome often as a part of loAgrm
planning fora city. This dissertatiommphasizethis similaritybetween good planning and good
adaptatiorand place adaptation thinkingntoatrajectos for long-term planning tomeet the
challenges posed by climate chanfieus, siccessfundaptationmequiresintegrated approaches
and aims to promote sustainable developmanile simultaneouslyptimizing naturatecourses
If the scope for managing retreat is limitsin an area like Negripccommodative adagtions
offer moreopportunitiego promote such lonterm sustainable strategidsn protective orse
Thus, from a global perspective, adaptationlmaviewed as relatively sheterm actionssome
of whichareintendedto reduce thepecificrisks from climate changgoatoriented)andsome
others tancrease resilienc@r coping ability)to cope with uncertainty so &s support urban
resilience andisstainable developmef(figure 6.1) The later approachesideedlead to
uncertaintyoriented planning a shift of traditional predigprevent or goabriented planning
and thereby facilit&tadaptation to capitalize on other benefits of adaptation actsns.result
the concepiof resilience which isdeeply grounded in sociecology literature, catake local

11¢



inputs from adaptation (in term of space and tirfte)incremental transforimg capability can
alsodeal with othetong-termchallenges and uncertairipdoptimize resourcesln the long
run,adaptation and resiliensdouldfacilitate a planning process tohaeve carbon neutral,
environmerally sensitive, andbw-impact developmernt in other words, sustainable
developmen(Figure 6.1) Therefore successful adaptation is a part of sustainable development
and carreduce maladaptation fact,someconditions of maladaptaticare oftersimilarto

those ofsustainable development, such as reduction of greenhouse gas eamsisuse of local
resources

@ Relatively short term
O Long term
0 Inter-generational

)

Resilience
Sustainable
development

[Adapt

—

Reducing Capitalizingon ~ Coping with disturbances Incremental and Environment-friendly Optimizing resources
climatic impact beneficial & uncertainty Transformative (carbon-nuetrual dev) (renewable source of energy)
& climatic uncertainty opportunities (climatic and non-climaic)
J \ J
Local or impacted system Local or regional Regtona\lgnd global

Context-%lti isi:.uti':m-based ‘ Urban ecological design Sustau.1ab|e urban form
gl (urban resilience) and mfrastructu.re
(e.g., evacuation plans) (long-term benefits)

Figure 6.1. Conceptual position of adaptation in the framework of sustdé and resilient
development

6.3 Foundation ofthe manuscripts: rationale, coherence, and sequence

The four manuscript&Chapters 2 to 5addresshe research questions and estalilghlinks
betweerclimate change adaptation and urban pilag. Figure6.2 illustrates how these
manuscripts have responded to ¢katralresearch question and its sub components in a
sequentiamanner. Wiile building the theoretical linkghis dissertation pays more attention to
operatondizing these links with empirical edénce In other wordstheyinvestigae physical
and structural measuresadaptatiorassociated with urban planning and design so as to
facilitate adaptation action8daptation sholarshippays little attention tedaptation atons,
particularly thosehat include physical planning and desigmlyD10% of adaptatiostudies
includestructural masures ophysical interventions of adaptatiaas Ford et ak2011) noticed.
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Limited effortsat crossing disciplinary boundaries and lack of reseaotlaborationhave also
hindered establishinignks between planning and climate change rese@hbhr & Khirfan, in
press Pizarro, 2009Roggema, et al., 201.2n addition,as a reasofor such isolagd efforts
differentstudiesclaim inadequatelimate change informatiom terms of content, format, and
scale thatimpecke planning researcto addresslimate changadaptatior(Hallegatte, 2009
Jabareen, 201®izarro, et al., 2006 These scholarly debatesnfirm the shortcoming of
planning discoursadm different poing of viewand equire enquirynto to what extent thisack
has affected planning literaturenvestigatingstateof-the-art planning researcthat addresses
climate chang¢adaptation in particulary imperative to séihg future research agendas so as to
establish the valuef this dissertation. Accordingly, tHest manuscripttakesthis opportunity
and identifies precisgaps thatfuture planning researcban address ioontributing b adaptation
researchor vice vers. As a result, aumber of researcthortcomings and opportunitiéswve
come outamong them the followingre important t@answeing the research questisn

- Several onceptsand approaches that hdeag existed in botffield (i.e., planning and
climate changebutstill remainparallel. For example,

0 Theoretically ecological design and ecologpased adaptation have similar views
about the use of ecology and ecologemilvices, an@urban) resilience and
adaptive capacity (i.e., planned and proactive adaptdiamh)highlight pre
emptive longterm preparedness to better cope with uncertainty.

o Methodologically public participation is widelysedin adaptatiorand
vulnerabilityresearch (e.g., communibased adaptation) and planning research.

- Limited plannng anddesigntoolsthat existto measure resilience and adaptive capacity
to climate changdn most cases, planning and urban design guidelines for adapting to
climate changarenormative.

- Scales of adaptatianterventionsn planning discoursthat often exclude the agendas of
a local communityand environmengnd its unique exposute climatic changandits
adaptation optionappropriate locally

Thesecondmanuscriptunderscoreprimarily two major approachecological design and
ecosysterrbased adaptatieand explorstheirtheoreticaloverlapswhile establishing link
between climate change adaptation and planning literdtuogher words, itnvestigatesher
advancd applicatios in relation taesilience and greemfrastructure through desigand
adaptsa methodological tool for public participation (i.e., design charrettebjidge expert
knowledge and comunmity experenceto facilitate adaptatioractionsat the communitgcale.
Thus, the manuscript respondshtaw the knowledge of green infrastructure and ecological
design can be advanced to facilitate the design of human settlementadeptangto climate
change The manuscript recommesid number of design strategidst primarily consider
landscape ecological urbaniSiiThe approaches advocdteere pay more attention to

15| andscape ecological urbanism represents a combination of landscape urbanism and urban ecology, and thus,
offers potentiaktrategies to bring their ideas togetteereflect natural and cultural proces¢Steiner, 2011
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ecological design in terms #ndscape design atige use ofjeamorphologicakcomponents but

less to urban forms in terms of urban morphologicaponents the physical domasof

urban designin other words, concepts such as reversibility, biodegrability, and flexibiity

their potentiain designingcoastal infrastructurare discusseth depth.While developing

possible planning and designtions for adaptationhése conceptsonsider climatiegmpacts

only, experienced, observed, daodpredicted given thathe precise information on climate

change impacts (extreme events in particular) at the local level and their impacts on urban built
environmers are still unavailabléHunt & Watkiss, 201)L However, heir rolesand applications

in designing and shaping urban fotoncope with climate change and, rhmsportanty, its

unknown impacts ofi u n ¢ e r, teraainressxglored

In dealingwith theuncertainty resuilhg from climatechangeplanning scholars consider
Aresilienced as a bridging concept bé¢Costeeen ur
et al., 2014Davoudi, et al., 2002 Althoughthe conceptesiliences fairly new in planning
discourseparticularlyin the context ohdaptatiorplanning thethird manuscriptaims to
identify the scopeof this concept taddress the shortcommsglentified inthe seconananuscript
and toanswer the research questiorhofv climate change adaptatiomsinbe advanced through
integrating knowledgé&om urban planning and desigmd resilienceThis third manuscript

reviews this socioecologicalconceptasdiscussed in climate change and planning literature. It
is important to note here thalthoughthe term resilience and its applications in plantiage
emergé recenly, its different analogous form&r example flexibility and adaptabilithave

long been discussed in planning literatursince the early of last centuiy the context othe
human dimension of adaptatioimese analogous forneain potentially ncr ease a systen
adaptive capacitto reduceits vulnerabilityand to cope with unknown chang&eviewingthese
alternativeformsin the planning discourse reveals the connections betwesglience andlesign

of thephysical domain o built environmentBuilding on these&onnectionsthismanuscript
establiskesthe Urban Design Resilience Index (UDRA)nultidimensionatheoretical

framework for adaptatiomhe UDRIincludes urban morphological components and their design
potentia toincrease resiliencgo ago bettercope withuncertaintywhether or not posed by
climate changeTheframework encompasses a listpafssibleurbandesignindicators thatan
giveresearchers/design professioratonceptual foundatiotihat acts aa particular contexor
adaptatiordecisionmaking As well asdealing withthe consequences of climate change, the
frameworkfocuses on the ev@hangingurbanenvironmentaind urban systems and optres
resourcaiseto promote environmentallysensitive developmenthe manuscriptonsides
adaptation as a part of sustainable developnaggdal highlighted by several internatein
agreemer#, from the KyotoProtocol to the recent Paris agreemetatwever,all indicators

along with their measurelscussed in the manuscrgoe still genericand their successful
applicationdepend onurban forns physicalcharactesticsin a given contexand the types and




degres of vulnerabilty of thatarea.Thus, further works neededo appy and test the UDRh a
context to support adaptatidecisionmaking.

Building on UDR] thefourth manuscriptaims to operationalizi¢ in the context of Negril and

to investigaténow the design of urban fosxan influence resilience to cope with climatic
uncertaintyMore especiallyit investigatesvhat urban design tools are needed to measure and
enhance the resilience of an exi sadhoginsettl em
doing sq@this manuscript classifies the impacts of climate chamgkassociated uncertainty into
two subsets: one resinlg from rapidonset climatic event&.g., a hurricane) artle other from
slow-onsetones(e.g, sealevel rise). his manuscriptompareshe concepiiresilienc®in
planning literaturendin socicecological literature nreaging urban areas and communitagés
risk. It pays more attention tmounceforwardresilienceas thisadvancednodelof resilience
thinking advocatethelong-term, incremental, and transforming ability of urban fetmncope
with climate changel h e | P'@gedssnenbreport also highligistscha modelfor climate
change adaptation, particularly for urkemeagPachauri, et al., 20)4Accordindy, the
manuscriptevelops six desigrntools(i.e., ecological design, multunctionality, polycentricism,
redundancy, connectivity, and indeterminaimyneasure¢he current resilience adn exising

built environmentThese tools helpxplainthe degree of resilience of an existing system as a
bench mark and therelpyeciselyindicate an area/part of it to henproved and howThus,
adaptation design solutionsayvary by parcels and blocks even a small areaegending on
their resilienceEach individual tool hasanenormouspportunity tocontribute toadvancing
resilience thinking through urban design and planning as well as showing trajectduieseof
planning and adaptatiaesearchThe first too| ecological desigrs oneof the six tools,
discussed intensiveip manuscriptl in relation to ecosysterbased adaptation and community
based adaptatidffrigure 62).
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Central How can planning and design of coastal settlements enhance adaptive capacity and resilience to cope with climate change

question and its resulting uncertainty in a sustainable way
To what extent does the How can climate change adaptation be How can knowledge of green in- How can the design of urban What urban design tools are
pl literature on climate =~ advanced theoretically and method- frastructure be advanced to facili- form influence resilience to cope needed to measure and
Sub-questions change adaptation currently ologically integrate knowledge from | tate the design of human settle- with climatic uncertainty? enhance the resilience of an ex-
exist, particularly in relation urban planning and ments that enhance isting settlement to climate
to urban design and planning? design and resilience? resilience and are adapted for change and how?
climate chagne?
Questions that
led manuscripts
Manuscript | Manuscript IT Manuscript ITT Manuscript IV Next manuscript(s)
Manuscripts
_Scobjectives To establish research To operationalize ecosy: based To establish theoretical link among To develop urban design concepts to To operationalize indete: "’"’:”"".“ and
gaps and future agendas daptation through l ! design adaptation, resilience, and urban form measure and enhance resilience redundancy as urban design tool

$ 1t 1 t 1

Mutual feedback among manuscripts

Accomplishment Contribution of doctoral research

Figure 6.2 The framework of this dissertation address search questions

Future contribution
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6.4 Key lesson learned and research contribution

6.4.1 Contributionto knowledgea global perspective

Climate changeesearclstill lacks preciseinformation on climatic impacts at the local level, and
different climate modejsvith theirapproximatios andinadequacyoften result in uncertainty
(Collins, et al., 201R Perhaps, at the local levéhis lack hindes transferring knowledge from
normative adaptation policies to specifitplemenéble adaptations, i.e., adaptation actions
one ofthe least explored argaf adaptation researaimtil 2011 (BerrangFord, et al., 2011
Likewise,design literature, including planmgnurbanand landscapéesign,andarchitecturein
relation to adaptatiohasgenerally failed to integrathe domains of theory and practidée
former, often guided by multidisciplinary scholatendsto frameclimate change adaptation and
considersiormative adaptation stemyies primarily at macro scalehd later focuss on
implementing adaptati@n(i.e., adaption actions)ithout due consideration of adaptation (or
resilienceheories anditerature. Indeed few such actions havappearedand hoseonly since

of the middle of last decad®nevalid reason for this omissias thelack and inaccessible
formatsof climate change datdhese problemshallenge planning scholansantingto use thee
data n adaptation planningdence,until the middle of last decadechobrship other than
plannerded adaptatiorstudies inthe mainstream oplanningliterature as Pizarroet al (2006
noted Thefindings of this dissertatioshowthatplannerawareness of adaptation has
significanty increased since 2088/, andthus eventuallyabout39% of contributors ar@ow

from planning orcloselyrelated fieldqFigure 63). However, thause ofdifferentplanning
theoriesor modelsand their potential® link climate change adaptation or resilienesain

rare.
Urban planning and design, built environment 39%
Environment science
Geography
Civil engineering
Climate change and disaster management
Earth and Atmospheric research
Natural resource and education
Business and economic management
Marine science

Public affair and policy

Authors' affiliations (available)

International development
Science and technology
Tourism and recreation
Sociology

Others

0% 5% 10% 15% 20% 25% 30% 35% 40% 50%
Percentage of contribution

Figure6.3 Planner6 contri buti on to adapt ajouinalsn st udi

publishedrom 2000 to 203.
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Accordingly, this dissertatiomddressesthe aboveshortcoming andinvestigates theoretit and
methodological similaritieamongthreeconceptsplanning, adaptatiomndresilience to link
them.Thefollowing lessons learned from this dissertation can be applieatif@ncing planning
and adaptationesearch.

Strengthening public participation in adaptation decision making

Local and autonomous approaches are always recommgndginate change adaptation

Afadaptation must be context specific(Berger [ and]

& Ensor, 2014, p. P Thus, adaptation studi@srelation tothehuman dimension often
recommengublic participatiorto ensurehe input of local communitig$PCC., 2014Reid &
Schipper, 2014 The success a@ommunitybasedadaptatior{CBA) lies in engaging local
people, particularly those who are at righd their active roleis adaptation decision making.
Public participation has existed in planning discounger decadeddiowever, thecontemporary
forms of public partigdationin planningseem to be limited to public hearsygather than being
openings for discussion and negotiation between stakeholdethegrudten overemphasize
interdependence to trap people into ineffective participgforester, 2012 Perhapshat is why
public participation ofteffails to engage peopléhe mostdisadvantaged ones in particular, and
makes them wnlikely to attend public meetings. In the context of adaptation, most documented
efforts similar torational comprehensiy@anningapproachesareguided by expertand
excludelocal peopleThus,focusng on thehuman dimensiomrmany scholars consider
transactive and collaborative planniag idealmodels becausdoth have the potential to offer
multiple forms ofdiscussion that empowandencourage people participatg Hudson, et al.,
1979. With regard to empowering people, these models of planning and CBA seem to be
similar.

In particular this dissertation adaptse design charrettas sucta transactive topto involve
people in a ségs of activities and encouratfeem to provide informatioand thus facilitate
CBA. Any such dvanced participatory tool can certaiiglp identify and prioritizedcal
adaptatio strategies and preferences and, most importdatiitate theongoing praess of
adaptation. For exampl@cus groups and tdepth interviews maglsofacilitate public
participation, depending on the context. Figuekilfustrates the success oflgic-participation
strategiese.g., design charretté®har & Khirfan, 2014 and ethnographic approackidegarth,
Campbell, & Wandel, 20)4essentially planning moddlsansactive and collaborative),
engagng vulnerable communities so as to inform commubiged adaptation and facilitate
local adaptation decision making. Cleaityis now importantto build c ommuni t y 6 s
capacity,not only reducing its Maerability to climate change and ensuring better disaster

preparedness, but also encouraging locals to participate in supporting the adaptation process.

This capacity also enables community members to respond to the ongoieggdsbnd to
make decisios fortheir lives and livelihoods in the age of climate chafifesor,2011).
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Figure 6.4. A public participation model supporting adaptation decision making

Promoting soft and ecosystdmsed adaptation first

Every area is unique in terms of its geographical, environmental;scaimmic and cultural
features as well as its exposure to climate chafyephysical planning and design of human
settlements of such amea musadhere to the potential of locabteires and ecologieand also
accelerate and strengthen such potential in advancing adapEattogical designincluding its
many contemporary branches (e.g., landscape urbarabma)ys advocates a fusion between
natural and human systermds McHarg(1969 wrote acityisiia f or m, deri ved
instance from geological and biological evolution, exisieg sum of natural processes and
adapt ed Shtecosystemiasedadapationshighlight suchnatural processeand use

them to adapt to climate changedpresere theecosystems of a particular arédhe advantage

of presering naturalecosystems and green infrastructm@udeseveralkultural socialand
economidbenefits,e.g.,recreation, ecotourism, intellectual inspiration, and scientific discovery
(Steiner, 2014 Most importantly recently,advancedpplicatiors of urban ecological design
haveadvocated incorporating the conceptesilience while prioritizing climate change
adaptatior(Larco, 2016 Wu & Wu, 2013. A successfulpplicationthat combine&bA,
ecologicaldesign, and urban green infragtturewould alsobe an gpproach fomo-regret
adaptationIt would thus followthe bounceor transform forward resilien@pproachand exploit
otherbenefitsof adaptationsuch agpromoting sustainability.
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In contrastthere aréhard or largescaleengineeringadaptation interventions, whichight also
benecessaryn adaptinga particulamareato specific climatic threatsThese goabriented
approacheareoftenkept in placebased on theirfeciency and performancgdor a limited period
of time (depending on a project-bakrésiighaet i me) ,
model. Empirical evidence and othesightsalsoconfirm awareness dhe possibé negative
impacts of these approaches on local environgsed ecosystem&oft ecologybased
adaptationsequire a relatively longerm plan unlike hard onesFigure6.5 presents a
comparison among these approaches based on several measures, sutimastid operational
cost neededyet, thefirst preferencen prioritizing adaptation options shoube soft
interventiors; they couldoe staneblone- or integrated witlotherhardinterventions if any
urgent remedy is necessary. Most importantly, Istnategies must also entail teehancement
of soft onesas thesean takecontrol later on.

6.4.2 Contribution to Caribbean planning artksign a local perspective

Current threats, resil i enhudenviranment adapti ve cap

Negril s current vulnerability and climate <ch
with anthropogenic actions, suabwaterpollution and illegal farming in the wetland (tii&reat

Morass). Beach erosion is the key threat to Negril, and Long Bay has experienced a higher rate

of beach erosion (at between 1 to 2 m/year) than neighbouring bayse#dtNe gr i | 6 s t our
industry, Jamai cads t hi rdithelnationgl &BR,isatmsktoocclh gene
addition to anthropogenic actions, the impacts from both t@apset climatic events (e.g., storm

surges) and slownset ones (e.g., séavel rise) are equally responsible for increasing Long

Baybs erosi om.ubHadwe vaggre,ntmostnvol ved in Jamai ca
focus primarily on rapigbnset events and their impacts on coastal settlements. Less attention is

paid to the impacts from the sleanset events. As a result, the breakwater progestega

engireering submerged projeds now underwayandis intencedto cut wave energy so as to
stabilize Long Baybds shore | ine. However, | oc
Area Environmental Protection Trust (NEPT) and Jamaica Hotel and ToursoaiAon

(Negril Chapter)areconcerned about the negative impacts of the project on marine ecosystems.
Thus, to protect their beadey would prefer ecologifriendly approachegarticularly,beach

nourishment and restoration of coral reefs and seagrather than larggcale engineering

adaptations. The reaction against the latter approaches is somewhat similar to that argued by
Michelle Mycoo, a Caribbean planner and adaptation scholar. Her recent experience on coastal

zone management in Barbadesealed that such hard and lasgale engineering interventions

would not onlyadversely mpact | ocal ecosystems but also re
resilience to climate chang®lycoo & Chadwick, 201p

Discussion with local professionals and planners, particularly public agents, reveals that that they
are not against soft approaches at all; rather they favour them.rébestPlanning Orders
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include several options for promoting them. However, the agents remain reluctant to prioritize
these approaches and incorporate them into planning and development. Apart from very general
guidelines for a few ecosystelbased adapt@ns (setbacks, reefs and mangrove installation),

which climate change literature always recommends, no planning action is scheduled for
implementation in the near future.

Il n addition, Negr i sobeentqalizedd systems,gor éxagdentrdl y f ocus e
energy infrastructurandwastemanagement urstand &en the ongoing breakater project

itself. Apart frompossible negative impacts (if any), the performancél dthese systems might
requireregular maintenance and-gpadng and skiled persomd and expert knowledgé&o

alternative plans are available if any of these systems fails, or does not act as desired or

affected by climatic or neolimatic eventsin other wordsthereis no formalintegrated

planning that cacombine thee had ard goatoriented adaptations withe soft oneocally

preferred angbracticed Moreover this efficiencyfocusedadaptatiorand infrastructure planning
indeedfollow a bounceback model of resilience. Thoairrent Negril planning and development

have already started considering the cumulative performances of these actions to comtribute
economiadevelopment. One such example is the recent approval of lighsityby adding one

additional floorto buildings inthe Negril area.However, theseentralized initiatives i) shows a
severelylack of well documented integration with stird adaptation, iflocusonly on

eliminating climaticproblems mostly from rapidonset eventsii) putless effortinto controlling
anthropogenic pollution affectirnthe marine environmengndiv) ignoreNe gr i | éaad peopl e
their preference and knowledge fadaptatiordecision(e.g., indigenous adaptatiodn
integrated approach i s nBsw®deetisclihatedeggei | 6 s bui
challenges, one that combines hard and soft approaches to addressing rapid andetlow

climatic events and their impacts, and that uses planning and land use policies to control
anthropogenic activities that reduce thesades r esi | i ence.

Future urban design and planning approaches to enhance resiliedte @f r codstél built
environments

The findings of this study reveal that Negri/l
tools, is still limited, particularlyn implementing ecological design and tacklihg situation

during and right after arxe@eme event. Manuscriptdiscusses the former depthwith a set of

physical planning and design recommendations (Table 6.1Mandscript 4 explorethe latter
andincludesseveral urban morphological design strategiesaisathave potential to inform

local planning s ¢ atpdea with slowonset events.

Table 6.1 combinesrmumber of recommendatiodsawn fromthe manuscrifg made based on
empirical evidencéhatcould potentiallyhighlight waysto increase theesilienceo f Negr i | 6 s
built environmentsThe primary objectives of current and proposed adaptation planning are to

deal with extreme climatic events and their impacise example of such adapbatis the

breakwater projecfAnother istheongoing Community Disaster Plan for Negril by the Office of
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Disaster Preparedness and Emergency Management (ODPEM) that will include emergency
evacuatiorand recovery actions

Table 6.1 Negrild surrent resilience anthepotential scope of enhancing it through urban
(ecological) design.

Concepts Brief objectives Resilience Design and planning strategies fc
(ManuscriptlV) Current _Potential adaptation
level scope
Ecological To ensure a balance betweer - Enhancing biedegradabilityand
sensitivity human and natural systems reversibility
Connectivity To enhance accessibility and - Adopting stuationbased land use
permeability across the area planning
Promotingeco-infrastructure
Integratingcoastal adaptation
strategies
(adapted from Manuscrigt)
Multi- To highl i gihnate ® an
functionality potential to accommodate Generating kernative economic
diverse functions activities €.g., eceor cultural
Redundancy To have backups and/or - tourism)
alternativedor essential Encouraging dcentralized systems
services
Polycentricism To distribute basic systems ol ® - (adapted from Manuscrigt)
their partsand to spread out
risk
Indeterminacy To make a system open for ® - Promoting small building
coping withthe unknown footprintsand lowrise

developmentandinnatedesign
potentialto change
(adapted from Manuscriptl & IV )

Note: ®®=very poor ®= poor,-= to some extent—-=adequate

Mostdocumentedecommendationtr Negril (e.g., Town and Country Planning Development
Order for Negril)focus on enhancing the lottgrm coping ability of Negrd built environment

- in other words, adherinm ecological and revolutionary forms of resilienemwever, the
prevailingpractice predominantly includes hard adaptation interventinagead of providing a
specific solution to a specific problem (e.g., beach erosion, the utmost challenge ofaseqgril)
most hard adaptation interventions do, this research presents a corapwehpproach of
adaptation planninthat integrates other approaches in a sustainable manner for human well
being.Nevertheless his comprehensive approaahprejudical toward exploringsoft

approaches more than hard ones and favorabdigders slowimpacts eventand/or longterm
solutions ofrapidimpact everg through planning and design

6.5 Future Research

This study provides a comprehensive review of the groveegarcton climate change
adaptationn planning literatursince the earlpartof this century with a particularfocus on



urbanresilience Based on this synthesis, it is evident that the stadelaptatiorhas improved
markedlysinceabout 2005The catastrophic impaotd extreme events, particulathurricane
Katrinain 2005 on New Orleanandsoon aftethe bestowal of the 2007 Nobel Peace prize on
IPCCts 4" assessment repphaveincreased the awarenesfsadaptationparticularly inthe
human dimensioramong planning scholardowever thesestudes predominantlyfocusedon
vulnerability assessment and urban governgarogencompasgrimarily qualitative techniques
This dissertation investigates tadvancesboththeoretical and methodologicah
understanding among interdisciplinary conceptsrrecentdecadesThis thesis investigaisthe
gap betweeplanning and adaptation amentifieswhatnew tools, techniques, or concepts
available With its tight focus this researcis able toprovidea strong foundatiofor moving
planning research towagetlvancing climate changelaptationHowever, gveralareasstill
remainunderinvestigatedand would benefit from greater study.

6.5.1 Advancing methodological approaches

The empirical research presented here advances methodological apprachiansactive
planning andunderstanding ahe currenadaptive capacitgf human settlemnts while
bridgingexperientialand expert knowledgd&lethodologically, this research adoplisersified
methods, but primarilgualitative approachet undestand, compare, measure, and improve
the physiognomy of human settlements and their deSlygse qualitative techniques are
common in urban design and planning reseavidudon (2015 argues that they fall under a
humanitiesinspiredmodelandsuggestinsteada sciencébased pedagogic modein alternative
that includes quantitative approaches for advancing urban desigheamihg research.his
alternativeoffers researchers more opportunities for collaborative and interdiscyptgsearch,
which is especially required for climatbangeadaptation researdiPCC., 2014. However, it
requires precise scientific information of a ciphysical morphological data dé urban form
anddetailed climatic change informatioRor exampledetailed GlSlatdmapscan quantify and
analyse such information to advanoban design researcho this purpose, thavailability of
climate projection data and climatic impacts at the neigtitmnd levelfor a given context are
essentialgiven that the impaatof climatic extreme events particularty utban areasare still
rare In addition, applyinghis approacitio many develomg citiesis hardly possible because of
theunavailabiity of scientific informationOnce data are availablitureurban design research
could foll ow Mo ud.ddaonewer, aombiretonl asinghuneanitrasinspaeld
andsciencebasednodelswould widen the range inpportunities of urban design research that
deals withthehuman dimension of climate change.
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6.5.2 Shifting predictand-preventapproaches to uncertainiyriented planning

Determiningappropriate daptation planningnd policies oftenalieson climdic datai current
and future- as the basis for reducing or exploiting climate change imgagksr & Moench,
2012). This predictandprevent approach somewhat similar tthetype ofadaptation
framework advocatenh climate change literatur@®. Smit & Wandel, 2006Sutherland, Smit,
Wulf, & Nakalevu, 2005 (Figure 66, part A). However, in realitythe unavailabilityand
approximation otlimatic informationand modelsnake suctanapproachvery challenging,
particularly athelocal level.In addition, ly their very nature, these models cannot caglire
factorsof a natural systepand those theglo captureareofteninconmpletely undestood(Collins,
et al., 2012 Also, the climatic models available have limited capacityrtgectthe unknownin
relation to the human dimension of climate chafidge scope ofhe predid-andprevent
approach, even reesultingfrom collaborative resarch is limited becausenly projected
regional imatic changes are considereddetermine their effects on human systemreality,
the effectson humarsystens fioften depend more on the rl@ resilience of a given society
than on the magnituddo e nv i r o n méMuaslim& Austim 20629 e 183 Thus,with
regard to the interrelation between hurmatural systemsayncertainty does existt the local
level. Urban design and planning professior@ten have difficultiesn identifying likely
climatic impactsin dealing with this uncertaintgndin settingappropriate ways of acting
(Milly et al., 2008.

> Part A: Conceptual Adaptation framework
(adapted from Sutherland et al, 2005, Smit & Wandel, 2008.)

—> Part B: Reality

[ — Current exposure

Q
o
c
> g Lack of preciseness and
£E 4 user-friendly formats of climatic data
[ = (Pizarro et al. 2006)
50 E
(6] % o Approximation and model/simulation
> Current adapti' ity i errors in climatic models
2 > (Collins etel., 2012
= Avoidance/ignorance all
- % i factors in nature
@
p . I8 Future exposure o (Maslin & Austin, 2012
d i 2 S Q o >
‘ . o F g =1 Inadequate information of extreme
A | 5® b ; i impacts at the local level
f Identification of adaptation needs, i 50 S e (Hunt & Watkiss,2011)
Operationalization of adaptations le—i ot = - s € -
Evaluation and monitoring adaptations ‘ = > ~ Future adaptive capacity k]
A | N S R A S ALY =4 .
|1 Uncertainty

Figure 6.6 Adaptation frameworlkn climate change literature and liimitation

Instead of this limitation of climatic information, planning professionals us@tadictand
prevent approdtandmarty historicalclimatic data and future predictiots justify their
approach t@reverting climaticimpacts. Suclpredictandprevent approachesecriticized
because of their limitedapailities: first, to dealwith surprisegWardekker, de Jong, Knoop, &
van der Sluijs, 2010, p. 98&ecad, to considelindirect climatic impactand their resulting
uncertainty(Jabareen, 2019yler & Moench, 201p, andlast,to exploit opportunities for
climate change adaptatigBerrangFord, et al., 2011 Jabaree015 suggested a need to shift
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this conventional mentality toward uncertakatyented planninghat mightbeable to combine
the climatic datatill available and mevolutionary resilience gilanning Figure 66 validates
the reasoningpehind theneed for uncertaintgriented planningAccordingly, this new planning
model would banore responsive to unknown future circumstancesaietter able to make
urban areas less vulnerable and more adaptive.

6.5.3 Passivesurvivability, critical issues of emergency responses

The key features of adaptation often highligithatiors that arehighly related to variability and
extremes, not simy changed average conditis.Smit et al.(1999 used a metaphor of
Adangerouso as an essential element to determ
ecosystems and sustainable development are in danger depends partly on the ability of an
impacted area or system to adapt and partly on the ratthre climatic variability of that area.
Theseveity of the later is directly related ttailure of mitigation The objectivs of various
international agreements (including the Kyoto protocol, sustainable development goal, and
recently the Paris agreemt) sincehe 1980s haveaisal global awarenesaboutmitigation.
Decade®f waiting wouldberequirad to seethe result of these aganents (ifimplemented
successfully)Climatic variability along withrapid-onset climatievents will continugandthus
the need foadaptation i®bvious.Given that, mitigation has global benefits but reeed
international commitmenBlanners have little contralver the climatic variabilityf a particular
area and caronly to enhanceesilienceof the built environmenthrough planning and desiigiy
pre-emptively.

During and immediatg afterextremeevents, peoplearticularly in urban areas, havefaoe

the most critical periotb survivepassively perhaps without basic city amenities, epgwer,
heating fuel, or watesupply.For example,n Chicagga 1995 heat wave killed more than 700
people who lacked air conditionirfglinenberg, 200®, and in eastern Canada, a massive 1998
ice storm left 4 million people without power and forced over 600,000 from their Hébest,
2013. More recently, 150,000 people in New York City were without power because of Winter
StormJonas(Hanna, Botelho, & Gray, 20)8Hence, Alex Wilsor(2006 has coinedhe term
Apassi ve swhichrdafersaolhie ability gfhébuilt environmento offercritical life-
support conditions for itasers without such citgmenties until rescueis available This critical
survivalstage depenihg onresilience ofa buildingandt i t y 6 s | mfaylastsfaranuct ur e
extended periodup to 2 to 3 day§labareen, 201¥ale & Campanella, 20Q5Preemptive
planning and design strategies, as reactive adaptation, are thus edsdraratesilience

literature includes aspec¢tsuch aslisaster risk management and leéegn coping strategies;
however passive survivabilithasbeenoverlooked
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6.5.4 Balancingadaptation and mitigation tachiee the goal of sustainable development

Planning scholareavealready paid much attentidaa reducing GHG erssions however, they
haveyet to cover climate change adaptatidhis thesisindicates a nmber of parallel concepts
existingin planning and design ardiaptatioriteraturei hithertounrevealed to link them.
Thepotential plannig strategies that promotesilience, for instancean facilitateadaptation
Successfuhdaptatioriies in an integrated approactot an isolated attempalthoughgrowing
awarenessgxistsamongplanningschdarsto investigate adaptatioim most casg these

adaptatios seem to be isolated from other planning stratetjigiscouldfacilitate mitigation or
sustainable developmendthis integration is particularly importaimt reducingthe chace of
maladaptationwhichis theunconscious result of staradone adaptation actions. One such
actionmay reduce the impacts dimatechange but at theametime increase theourcedor
greenhouse gasmissiors. HaminandGurrard 2009 study onland useplanningat the
municipality level in Australia and the US discosd@that abou®2 out of 50projects have
conflicts between mitigation and adaptatidvitigation and sustainable development share many
undetying principles. Forexampléi c o mbamang change and its i mpac
goaladopted in the recent 2015 United Nations Sustainable Develo@uemhit inNew York.

Fi e |(2089Gstaidyis oneexample that involves both the technical application of smart
growth, a movment fromurban sprawl to compastistainabléorm to reduce the dependency
on automobile (Boeing, Church, Hubbard, Mickens, & Rudis, 2Bhdhazard alleviation
approaches in the context of pé&&trina.Hence, the challenges for furthresearcher are to
integrate climate change (adaptation and maiian) and sustainable urbanism even through in a
larger scale such integratigearticularlyin the transboundarysolutions of sustainable
developmentis difficult. For example, through treelaptationof thebinational desalination
plamingin the U.Si Mexico regiontheU.S.is perhapsble to reduce the vulnerability with
regard to water supply in the Sott¥est of U.S. whilesimultaneouslyncreasingenvironmental
vulnerability inMexico (Wilder et al., 201D Nevertheless,saGarschagen & Rometankao
(2015 warned balance in terms of examining and acknowledging the possible pathways of
dealing withvulnerabilityin association witltontemporey urbanizatioracross scales

essential
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6.6 Conclusiors

SusarFainstein(2012 argues thatvery oftenfi g opldanni ngo i s bel i eved tc
in the gener al I nt e ineadvancirg olichategchangd adaptakion researchp e r t
thisthesis firstfacilitates understandingf the complex relationship between different
interdisciplinaryconcepts and their lirsldrom empirical evidence. In doing sbexplores
indigenousand plannecdaptation strategies through the active engagement of local
communites It alsodevises contexspecificdesignand planning guideling} to understand
climate change threat$) to measuréhe adaptive capacity arttie resilience of local built
environmers, and thusi) to develop urban desigtrategiesas a meas of anticipatory
adaptationThisresearch finds that interrelationshlgetween the climate change threats/hazards
andthe characteristics of built environments and physical infrastructure defme ar ea 6 s
vulnerability, whichis unique andnayeven vay from its neighbarsa For examge, in Jamaica,
beach erosiors theutmost threat th.ong Bay but certainly nothe same tas neighbar West
End.Because of higlourismand economic prospesfN e g r goveransentconsulting with
expertsand local peopleadopted mangtrategiessoft to hardto reduce beach erosion

However the centrabhdaptation®ften reflect an ignorance dftheintegrationof these
approaches, iiheconsent of local people atigeir preferencs, iii) ecological potentiaiy) the
benefits of adaptation proposagdndv)t h e aurrenarging capacitywhich is needetb
decide whether anot Negril need furtherdevelopmentln particular, adaptation planniradso
considerghe current cagcity of settlements as a bentdrk based onwhich future plan should
beconsideed. Adaptation is &@ontextspecificconcept an@ouldvary spatially and temporarily
Thus,designing for adaptatioshouldaddress the above shortconsmgways that also promote
urban resilieneand sustainable development.

Finally, this dissertatiomoncludedy answeringSmite t @999 three populaguestiors for
measuring successfatlaptatiorandposes a newquestion(i.e., the4th).

1. Adaptation to Awhato (e.g., the climate re
o Answer:Theimpacts of climate change experiedesd predictedoupled with
complexity of human settlements
2. AiWhoo or f wh ahesysteandtlze podrrers ¢f adapgation)?
o Answer: Built environment and infrastructurasassetased adaptation that
protects people and properties in a sustainable manner
3. AHowo does adaptation occur (e.g., types,
adaptatios)?
o Answer:Through enharing long-termresiliencethrough design that respects
indigenous strategiemdknowledge ofadaptatiorandlocal ecosystes
4. AWhabif no impactoccursas predicteddealing withuncertainty)
o Answer:Adaptation actions, if integrated with lotgrm planning process
enhance urban resilience and thus are able to deal with other challenges and
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uncertainty Consequentlythey can exmit other benefit®f an urban system
while coping with changes amthievingsustainablelevelopmentit does not
matter how mucla system isiffectedby climatechange

Overall, thesucceskil adaptation of systeniies inthe processficlimate change adaptation

should not be an expl osi ve (Gopia, etal.t2014mpapd her a p
Adaptive urban design and planning should fea#i this process and highligihtremental

transform&on of theurban form over timewhile simultaneouslyromoting sustainable
developmentinterdisciplinaryscholarship is thus imperative to advanceunderstanding of

climate change and itesulting multifaceted challengés humannatural systems
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Appendices
Appendix A: Different adaptation strategy

Al. Accommodation adaptation strategy
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Accommodation 2: Soft Ecosystem-based Adaptation Intervention
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A2. Protection adaptation strategy
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